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Introduction 

T. Ruzicka, T. Assmann and S. Reitamo 



The introduction of glucocorticosteroids in the 1950s has revolutionised the manage- 
ment of acute and chronic inflammatory skin disorders. These compounds have 
maintained their leading role in dermatotherapy for several decades. They still 
represent the principal option of treatment for atopic eczema (atopic dermatitis), a 
prototype of a common chronic relapsing inflammatory skin disease which is seen 
with increasing frequency both in children and adults. In developed countries, the 
prevalence of the disease amounts to more than 10% of the general population in 
infants. However, continuous application of topical glucocorticosteroids can in- 
duce a great number of unwanted side effects. The most relevant side effects are the 
induction of cutaneous atrophy, particularly on sensitive skin sites such as face, neck, 
and intertriginous areas, and of contact allergy, rosacea-like dermatitis, and striae. 
Further problems include poor long-term management and even therapeutic re- 
sistance. In paediatric patients, adrenal insufficiency and growth retardation may 
be related to prolonged application of potent topical glucocorticosteroids. 

The development of a new generation of topical glucocorticosteroids in order to 
diminish the risk of side effects has improved the benefit/risk ratio. However, the lack 
of acceptance (so-called corticophobia) with reduced patient compliance remains a 
problem in daily clinical practice. 

Consequently, there has been an enormous need for alternative anti-inflamma- 
tory agents in the treatment of inflammatory skin disease, which stimulated the 
search for and the development of new topical, non-steroidal drugs. The search had 
been initiated by the observation of potent anti-inflammatory effects of systemically 
administered cyclosporin. The topical application of cyclosporin, however, failed 
to provide beneficial effects due to its low penetration into inflamed skin. Another 
compound of this class of immunomodulatory macrolactams, tacrolimus, has been 
shown to exert similar anti-inflammatory effects on systemic administration as 
cyclosporin, but the drug has also proven to be topically effective in the therapy 
of inflammatory skin disease, particularly in atopic eczema. Tacrolimus acts via in- 
hibition of the calcineurin-mediated transcription of proinflammatory cytokine 
genes, such as interleukin-2, and interferes early and directly with the induction of 
cutaneous immune responses. Thus, these targeted mechanisms of action elucidate 
that topical tacrolimus appears much more specific than any of the topical gluco- 
corticosteroid compounds. 
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In several multicentre, randomised, double-blind clinical trials, carried out 
around the turn of the millennium, topical tacrolimus was demonstrated to be an 
effective and safe drug in the management of atopic eczema both in children and in 
adults. The clinical development plan for tacrolimus ointment (Protopic) has been 
the most extensive ever for a new drug in dermatology. The studies, which included 
more than 13 000 patients in North America, Japan, and Europe, showed that tacro- 
limus ointment is not only effective in short-term treatment for several weeks, but 
also over periods of more than one year. Recently, tacrolimus ointment has been 
approved for the treatment of moderate to severe atopic eczema in Japan, North 
America, and many European countries. Current trials are evaluating the safety 
profile and efficacy of tacrolimus ointment in long-term treatment of 2 to 5 years. 
Long-term safety data of patients followed for up to four years show that tacrolimus 
ointment lacks systemic side effects and that frequencies of serious adverse events 
such as malignancies are consistent with expected rates in the general population. 

The most striking advantage of tacrolimus ointment over topical glucocortico- 
steroids is that the cutaneous collagen synthesis remains unaffected, and the risk 
of skin atrophy is not imminent. These findings enable the drug to be used as a 
long-term treatment, even on thinner sites of inflamed skin such as face and neck, 
which are frequently affected in atopic eczema. Thus, the non-compliance seen with 
topical glucocorticosteroids may not represent a problem in the treatment of atopic 
eczema with tacrolimus ointment, because this topical immunomodulator is likely 
to exert a profound impact on the manner in which dermatologists and patients treat 
and manage the disease. 

A number of recent publications has demonstrated that tacrolimus ointment is 
also effective in the management of a variety of other inflammatory skin disorders, 
and may represent an alternative therapeutic option in other diseases than atopic 
eczema. Of course, these initial observations have to be confirmed by larger trials 
comparing topical tacrolimus to current standard treatment. 

This book summarises the historical, pharmacokinetic and pharmacodynamic 
aspects of the use of topical tacrolimus in dermatology. It gives insight into the broad 
clinical experience of treatment with tacrolimus ointment, particularly in atopic 
eczema, and also provides an overview of putative future indications. Finally, it may 
serve as a tool to change the dermatologist’s views on and approach to anti-inflam- 
matory treatment. 
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Introduction 

Atopic dermatitis (AD) is a common, chronically relapsing, inflammatory skin dis- 
ease, clinically characterised by typically distributed eczematous lesions (Fig. 1.1), 
dry skin, intense pruritus, and a wide variety of pathophysiological aspects. There is 
strong evidence that the prevalence of the disease has increased substantially over 
the past decades [15], and this seems to be associated with a change in environmental 
and lifestyle factors, especially in Western countries [16]. However, the cause of the 
increase in prevalence is largely unexplored and remains a matter of speculation. 
AD produces a significant economic burden [18], and has a serious impact on the 
quality of life of patients and their relatives. Therefore, there is a need for AD to be 
given high priority in public health programmes. 




Figure 1.1. Typically distributed skin lesions of AD 
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Studies from Northern 
Europe 



1 Epide m i o I ogy of Atopi c Demiat! ti s 



The Prevalence of AD Yesterday and Today 

On the basis of several cross-sectional studies from Northern Europe performed at 
the end of the last century, the cumulative incidence among children up to 7 years of 
age seems to be less than 3% for those born before i960, 4%-8% for those born be- 
tween i960 and 1970, 8%-i2% for those born after 1970, and over 15% in recent years 
[15]. However, these cross-sectional studies must be interpreted very carefully be- 
cause they contain several sources of error (Table 1.1). Due to heterogeneous meth- 
odologies and various sources of misinterpretation in time trend studies, the 
extrapolation of data obtained from separate individual studies with a view to estab- 
lishing secular trends in whole communities is fraught with uncertainty. Changes 



Table 1.1. Reasons for data that are biased or not comparable and for misinterpretation in time trend 
studies on AD 



Methodological errors (reasons for not comparable or biased data ) due to: 
Data collected prospectively versus retrospectively are of a different quality 
Cohort studies versus cross-sectional studies differ in strength 
Hospital- versus community-based data allow different conclusions 

Heterogeneity of groups in terms of age, sex ethnic origin, socioeconomic 
standards can cause bias. Sample size often too small and confidence limits 
not given 

Differences in disease definition and/or differences in the severity of eczema 
make study populations not comparable 

Questionnaire-based data versus medical examination have different strengths 
Validation of instruments is often missing 

Sensitivity, specificity, and predictive values are often small or even unknown 
Point prevalence, period prevalence, and incidence rates are not recognised as 
different epidemiological measures 

Selection, information, recall bias, and confounding factors distort results and 
interpretation 

Sources of misinterpretation (examples) 

More public awareness of allergy and atopy due to mass media 
Increased acceptability of the word eczema in the population 

Mild or moderate skin complaints are ignored because of more serious illness or severe economic 
problems to worry about 

More medical use of the term eczema 
Improved diagnostic methods for atopy 
Less misdassification of similar diseases 



Study design 



Study population 



Outcome variable 
Instruments 

Standardisation 

Measures 

Systematic errors 
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The Prevalence of AD Yesterday and Today 



in diagnostic criteria or labelling, and a variable understanding of the word “eczema” 
can easily lead to false interpretations of changes in cross-sectional as well as in re- 
peated prevalence studies. Increasing public awareness of rising trends in the preva- 
lence of allergic diseases may have influenced both diagnostic labelling by physi- 
cians and parental reports of doctors’ diagnoses and children’s symptoms of atopic 
diseases. Studies that have examined a defined population over time by using uni- 
form standardised criteria are rare. A selection of studies demonstrating the increas- 
ing cumulative incidence of AD is shown in Table 1.2. 

Taylor et al. [56] showed that the prevalence of a history of eczema (determined 
by parental recall when the children were aged between 5-7 years) increased from 
5.1% in children born in 1946, to 7.3% in those born in 1958, to 12.2% in the 1970 co- 
hort. The results of this important study, however, must be interpreted with caution 
because of the following points: the three birth cohorts were recorded at different 
ages (5-7 years) and drawn from three separate studies which used slightly different 
methods of data collection. Only in the 1958 cohort was the diagnosis according to 
the reports by health visitors interviewing mothers at home (7.1%) validated against 
physicians’ records (2.6%). Such validation is difficult to interpret, as atopic eczema 
is a rapidly fluctuating disease. Additionally, possible alternative explanations can be 
given for this trend, such as changes in the acceptability or medical use of the word 
“eczema”, improved diagnostic methods, or misclassification of similar diseases 
such as irritant dermatitis due to nappies. It must also be assumed that parents and 
children in the 1940s and 1950s had more serious illnesses or other problems to 
worry about, and mild or moderate childhood eczema may have been ignored. 

In two elegant Danish population-based studies, Schultz Larsen [45, 46] demon- 
strated a rising cumulative incidence of AD in twins. The cumulative incidence, up 
to 7 years of age increased from 3% in twins born between i960 and 1964 to 12% in 
twins born between 1975 and 1979. The diagnosis was made on the basis of a ques- 
tionnaire, and case ascertainment was still based on recall of eczema during child- 
hood according to the patient and/or parent. In a multicountry cross-sectional study 
using the same questionnaire the cumulative incidence of AD rose to 15.6% (95% 
confidence interval i4.2%-i7.o%) among 7-year-old schoolchildren in Denmark, 
Germany, and Sweden [48]. 



Table 1.2. Studies demonstrating an increase in the cumulative incidence of AD (selection) 



Author 

Taylor 


Year of publication 

1984 


Country 

UK 


Age of cohort 

5-7 years 


Time trend of cumulative incidence 

5.1% (born 1946) up to 
12.2% (born 1970) 


Schultz 

Larsen 


1986, 1993 


Denmark 


7 years 


3.0% (twins bom 1960-1964) up to 
12.0% (twins born 1975-1979) 


Ninan 


1992 


Scotland 


13-18 years 


5J% (1964) up to 
12.0% (1992) 
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concern worldwide. 
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A Scottish study reported an increase of atopic eczema from 5.3% to 12% between 
1964 and 1989 in children aged 8-13 years attending primary schools in Aberdeen 
[39]. The main objection to this study is that the first data collection was by interview 
and the second by questionnaire, and the wording of questions was changed. In an- 
other study from Scotland [2], the prevalence rose from 14% (1992) to 18% (1994). 
This time span seems to be too short for studying time trends. 

A Japanese study [52] came to the conclusion that the prevalence of infantile and 
early childhood atopic eczema has not changed over the past 20 years. The authors 
observed eczema in 30% of 4-month-old infants, in 32% of 10-month-old infants, 
and in 20% of 3-year-old children at the time of clinical examination. The majority 
of cases were mild. The results were compared with those of a similar study per- 
formed 20 years earlier by Uehara et al. [57], who had observed similar prevalence 
rates at the same time of year (spring) by using the same guidelines for diagnosis 
during physical examination. The authors concluded that the prevalence of atopic 
eczema in infants had not increased over the previous 20 years in Japan. Their opin- 
ion was that the difference from other studies describing an increase in the fre- 
quency of atopic eczema, might be due to the fact that mild cases of eczema had been 
ignored in the earlier studies based on recall. However, in a second paper the same 
authors reported that the prevalence of AD in Japan was two times higher among 
9- to 12-year-old children and five times higher among 18-year-old adolescents than 
in similar age groups examined 20 years earlier [53]. 

In a questionnaire-based study from Switzerland, the authors also found no in- 
crease in the prevalence of atopic dermatitis between 1968 (children aged 4-6 years: 
2.2%; aged 15 years: 2.3%) and 1981 (children aged 4-6 years: 2.8%; aged 15 years: 
1.5%) [58]. 

In a worldwide study including data from 56 countries using the protocol of the 
International Study of Asthma and Allergies in Childhood (ISAAC), the prevalence 
rates for symptoms of AD in 6- to 7-year-old children ranged from 1.1% in Iran to 
18.4% in Sweden, and in 13- to 14-year-olds from 0.8% in Albania to 17.7% in Nigeria 
[66]. The results from this study demonstrate that AD is a major public health con- 
cern worldwide. The 6o-fold variation in AD prevalence may suggest significant dif- 
ferences in the aetiology of AD among populations, but cultural and linguistic 
differences could also have affected the outcome. Using clinical examination as a 
gold standard, the sensitivity of the ISAAC core questions for AD ranged from 47% 
to 80%, whereas specificity ranged from 84% to 97% [61, 63, 64]. The sensitivity of 
the Chinese version of ISAAC core questions ranged between 23.5% and 70.6%, and 
the specificity between 66.5% and 96.5% [7]. 

In Table 1.3 the frequencies of AD in different countries are presented according 
to studies published in the 21 st century. In Australia and Singapore the prevalence 
of AD was found to be very high, and in Europe the lifetime prevalence is now over 
20%. Broberg et al. [6] also demonstrated that the point prevalence seems to be half 
of the period prevalence. Prevalence of a disease is a cross-sectional “snapshot” of 
the total number of diseased subjects (new and old) within a defined population at 
a point of time (point prevalence) or in a defined period (period prevalence), and 
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Table 1.3. Recent population-based studies on the frequency of AD. Note different rate measures given 



Author 


Year of publication 


Country 


Age of cohort 


Frequency of AD; rate 


Foley 


2001 


Australia 


S years 


30.8% Point prevalence 


Tay 


2002 


Singapore 


7 years 


22 J% 1-year prevalence 








1 2 years 


17.9% 1-year prevalence 








16 years 


21,5% 1-year prevalence 


Mortz 


2001 


Denmark 


12-16 years 


21,3% Lifetime prevalence 
6.7% 1-year prevalence 
3,6% Point prevalence 


Broberg 


2000 


Sweden 


S-6 years 


20,7% Lifetime prevalence 
8.5% Point prevalence (Goteborg) 
11,5% Point prevalence (Kristianstad) 



should not be confused with incidence, which gives the number of new cases in a 
defined period. Prevalence reflects determinants of disease duration as well as inci- 
dence. Without knowing whether disease chronicity has changed over time the in- 
terpretation of prevalence data is hazardous, and incidence data are preferable for 
examining the changes in the biology of a disease. 

In a sample of 1465 American schoolchildren 5-9 years of age [31], using the 
written questionnaire proposed by Schultz Larsen et al. [48], the cumulative inci- 
dence of AD was 17.2%, a figure that compares fairly closely to the 15.6% cumulative 
incidence (95% confidence interval i4.2%-i7.o%) derived from Denmark, Germany 
and Sweden. Using the same instrument, the cumulative incidence was recently re- 
ported to be 20.7% in 1961 Swedish children 5-6 years of age [6], and 21.3% in 12- to 
16-year-old Danish adolescents [35]. 



Definition and Validation of AD 

Although most dermatologists have little difficulty in making a firm diagnosis in 
most cases of AD, there may be problems in mild cases and in differentiating this 
condition from other rashes, especially in early infancy. It is crucial for epidemiologi- 
cal studies to have a good disease definition. Atopic dermatitis, however, is a difficult 
disease to define because of its variable distribution and morphology, its variable 
time course, and the lack of a diagnostic test. 

Additionally, in every country several synonyms are in common use by physi- 
cians and patients for the disease which is termed atopic dermatitis in this book. 
Given these difficulties, it is not surprising that several different methods have been 
used to define AD, ranging from questionnaire recall of “eczema during childhood”, 
to parental recall, to health visitor and physician recall. 



Atopic dermatitis is a 
difficult disease to define 
because of its variable 
distribution and 
morphology its variable 
time course; and the lack 
of a diagnostic test. 
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Table 1.4. Sensitivity and specificity of the UK diagnostic criteria for AD according to different 
validation studies 



Author 


Country 


Number of 
subjects 


Age of subjects 
[years] 


Sensitivity 

[%] 

80 


Specificity 

[%] 

97 


Williams et al. 1996 


UK 


695 


3-11 


Popesoi et at 1998 


Romania 


1114 


6-12 


74 


99 


Kramer et al. 1998 


Germany 


1511 


6 


SI 


94 


Marks et al 1999 


Australia 


2491 


4-18 


43 


95 


Firooz et al. 1999 


Iran 


416 


<4, 4-10, >10 


10 


98 



Clinical diagnostic features 
of AO were based largely 
on the experience of 
patients attending 
hospitals and outpatient 
clinics and these criteria 
are very helpful in 
describing the various 
aspects of the clinical 
syndrome of AD. 



In a study including a sample of 5055 schoolchildren aged between 5 and 6 years 
in Brandenburg, Germany, we showed that the lifetime prevalence of AD was 10.2% 
according to physical examination and 7.0% according to physicians’ diagnosis [17]. 
Clinical signs of atopic diseases (atopic dermatitis, allergic rhinitis and asthma) were 
found in 26.4%, but only 12.9% of the children had been diagnosed as atopies in 
former medical consultations. 

Clinical diagnostic features of AD were based largely on the experience of pa- 
tients attending hospitals and outpatient clinics (e.g. [22]) and these criteria are very 
helpful in describing the various aspects of the clinical syndrome of AD, but less use- 
ful in epidemiological studies because of their complexity and unknown validity. 
Various other diagnostic tools have been suggested, based on clinical examination 
[11, 12, 13, 54] or questionnaires [47]. Williams et al. [63] have proposed and valida- 
ted a minimum set of diagnostic criteria for AD which are recommended to be used 
to measure l-year period prevalence in epidemiological studies. These UK criteria 
were shown to have a sensitivity and specificity of 80% and 96%, respectively, for 
children attending hospital dermatology outpatient clinics, when compared with a 
dermatologist’s diagnosis [63]. In a community survey of London children aged 
3-11 years and of mixed ethnic and socioeconomic groups the sensitivity and speci- 
ficity for AD prevalence were 80% and 97%, respectively, when these UK criteria 
were used [64]. Validation studies of the UK diagnostic criteria for AD have been 
performed in several other countries and the findings are summarised in Table 1.4. 
Interestingly, the sensitivity of the question regarding flexural rash - a hallmark of 
AD - was only 76% in the UK study [64], 74% in the Romanian study [41] and 49% 
in Hong Kong [7]. 

None of the definitions of the outcome variable for atopic dermatitis are 100% 
valid. Nearly always, individuals with an atopic disposition are not identified, while 
others are wrongly designated as cases of AD. In order to ascertain the validity of 
an instrument, the terms “sensitivity”, “specificity”, and “predictive value” are used. 
“Sensitivity” stands for the chance that cases with AD are correctly diagnosed, “spe- 



8 







Definition and Validation of AD 



cificity” that non- AD cases are correctly identified. However, it is not only important 
to know the sensitivity and specificity of the instruments that are used, it is also 
essential to know the positive predictive value (PPV), which is the proportion of 
those individuals diagnosed by the instrument who actually are atopies. It is also im- 
portant to mention that the PPV is a function of the true prevalence of AD in the 
population, of the sensitivity, and of the specificity. In Fig. 1.2 the PPV is shown as 
a function of the prevalence p, given a fixed value of 90% for the sensitivity, and 
four different values for the specificity. If, for example the prevalence of AD is 10% 
and the specificity of a questionnaire 90%, then a positive answer results in 50% of 
cases being diagnosed correctly. On the other hand, a specificity of 99% gives a PPV 
of around 91%. The value of PPV depends strongly on the specificity and to only a 
limited extent on the sensitivity in the relevant area of 6o%-ioo%. 




fixed sensitivity: 90% Spec. % PPV % 

prevalence: 10% 99 91 

97.5 80 

95 67 

90 50 



Figure 1.2. Graphical representation of the positive predictive value ( PPV) as a function of the pre- 
valence p for atopic dermatitis for four values of the diagnostic specificity b, given a test sensitivity of 
90% (According to [15]) 
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Wiithricb proposes 
distinguishing three main 
subtypes of AD: a "mixed" 
type, an "extrinsic'' type 
and an Intrinsic" type. 
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Table 1.5. A hypothetical example showing that an increase in the prevalence of AD can be explained 
by a decrease in specificity 



True prevalence of AD [%] 


1st study 

10 


2nd study 
10 


Sensitivity [%] 


95 


95 


Specificity [%] 


95 


90 


Sample size 


1000 


1000 


Estimated number of cases with AD 


ns 


185 


Study estimate of AD prevalence [%] 


13 5 


18,5 



Theoretically, from a statistical point of view, an observed increase in the preva- 
lence of AD can be explained by a decrease in specificity over time because of an in- 
creased awareness of allergic diseases in the population (resulting in more false 
positives). Assuming a true prevalence of 10%, a sensitivity of 95% and a specificity 
of 95%, the percentage of individuals diagnosed as cases of AD would be 13.5%. If the 
specificity were to decrease over time to 90%, then 18.5% would be diagnosed as AD 
cases (Table 1.5). This example also demonstrates that an overestimation of the true 
prevalence must be assumed in most studies, and that comparing studies using dif- 
ferent instruments (even with seemingly minor differences regarding sensitivity and 
specificity) can lead to false conclusions. 



Age of Onset and Concomitant Atopy 

Textbooks mention AD as a disease of infancy and childhood, with 8o%-90% of 
cases occurring before the age of 7 years [42]. However, age of onset of community- 
ascertained cases of AD may be later than that reported from hospital-based stud- 
ies [65]. In the study by Diepgen and Fartasch [12] including 428 AD subjects, 24% 
first developed AD between the ages of 11 and 20 years and 20% after the age of 
20. In the British birth cohort study Williams and Strachan [65] found that 32% 
of the children first developed AD after the age of 7 years. In a recent study from Sin- 
gapore [55] covering 811 children with AD aged 16 years, onset was between the ages 
of 10 and 15 in 39.3% and after the age of 15 in 11.3%. 

Wiithrich [67] proposes distinguishing three main subtypes of AD: a “mixed” 
type with concomitant respiratory allergies, an “extrinsic” type of “pure” AD without 
respiratory allergies (RA) but with allergen-specific immunoglobulin E (IgE), and an 
“intrinsic” type (also “pure”) without immediate type sensitisations (Fig. 1.3). In our 
study [12], 54% of 428 AD patients had “pure” AD and 46% suffered from a “mixed” 
type with concomitant RA. Tay et al. [55] recently reported 31% “pure” AD and 69% 
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f 



Atopic dermatitis (AD) 

(phenotype) 




Pure AD 
no associated 
respiratory allergies 

\ 

Intrinsic AD 
no specific IgE 
total IgE normal 
prick test neg. 



Mixed AD 
concomitant 
respiratory allergy 



Extrinsic AD 
IgE sensitisation 
(inhalant, food, total) 
prick test positive 



Figure 1.3. Types of atopic dermatitis 



“mixed”. The “intrinsic” type is a variant of AD that fulfils the most commonly used 
diagnostic criteria for AD [44]. These patients show normal total serum IgE levels, 
no specific IgE, and negative skin prick tests for environmental or food allergens; but 
family history, disease duration, distribution, and clinical features of the skin lesions 
do not differ from those of other AD patients. The “intrinsic” subtype of AD is found 
in i5%-45% of all AD patients [44]. The distinction between the types is important 
for primary and secondary prevention (e.g., allergen avoidance). 



Genetic Susceptibility 

There is no doubt that the general propensity for AD is genetically determined. 
Monozygotic twins run an approximately 86% risk of having AD if the twin partner 
has the disease, whereas the disease risk of 21% in dizygotic twins does not differ 
from the frequency seen in siblings [45]. A family history of atopic diseases in first 
degree relatives of AD patients was obtained in 58% in Germany [12] and in 56% ac- 
cording to a recent study from Singapore [55]. The risk of a child developing AD is 
much higher if there is AD in a first-degree family member (odds ratio [OR] 6.7) 
than if there is RA in the family (OR 1.5) [12]. According to Kjellmann [26] the inci- 
dence of atopic disease in children is highest (72.2%) when both parents have the 
same type of atopic disease, i.e., respiratory or skin. The likelihood of an individual 
developing allergic disease is not constant over time, however, and individuals with 
no family history of atopy can develop AD. 
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having AD if the twin 
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The genetic background 
of AD cannot explain the 
obviously rapid increase 
in the frequency of AD in 
the short time span of the 
past decades. 
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Cofactors 




Allergens 



Atopic diathesis 



Cofactors: 

■ infections 

■ environment 

■ psyche 

■ factor X 










Allergens 



Atopic dermatitis (phenotype) 



Figure 1.4. A model of multifactorial inheritance in combination with a threshold is assumed for the 
inheritance of atopic diseases 



The genetic background of AD cannot explain the obviously rapid increase in the 
frequency of AD in the short time span of the past decades. It seems that other, still 
unrecognised factors in the environment can affect the occurrence of AD in geneti- 
cally susceptible persons. Environmental factors may influence the phenotypic ex- 



12 







East/West Differences and Migration Studies 



pression of AD and act as indicators of the genetic predisposition, which is probably 
influenced by many alleles on several chromosomes. Under the hypothesis of a mul- 
tifactorial pathogenesis with polygenetic inheritance, it seems plausible that a shift 
in the overall distribution of latent atopic disease might be responsible for the recent 
changes in disease prevalence; thus, the increased prevalence of AD might be caused 
by a shift in the overall distribution of the phenotype of atopic disorders (Fig. 1.4). 

Daniels et al. [10] have demonstrated that, depending on the definition of the 
phenotype of atopy, different regions of potential linkage to autosomal markers on 
chromosomes 4, 6, 7, 11, 13, and 16 can be detected. The pleiotropy of phenotypes 
is consistent with the known variability of atopy and maybe attributable to environ- 
mental events. Additionally, some markers showed significantly stronger maternal 
linkage. This maternal effect at several loci favours immunological interactions be- 
tween mother and child. This hypothesis is also supported by the results of a study 
indicating a stronger familial aggregation of atopic diseases between siblings than 
between parents and children [14]. In this study, a higher odds ratio of AD between 
mothers and children than between fathers and children was also found. Family 
aggregation between mother and child may be explained by shared physical envi- 
ronment at home or environmental events that are passed on to the foetus in utero. 
It can be assumed that environmental factors will be shared more intensively be- 
tween mother and child than between father and child. The familial aggregation of 
atopic dermatitis can also be explained by stronger maternal heritability and would 
be consistent with atopic mothers carrying relatively more genes predisposing to 
disease than atopic fathers. 

The hypothesis of environmental interactions is further supported by the obser- 
vation of geographical differences and the results of migration studies. 



East/West Differences and Migration Studies 

Several studies of individuals belonging to the same ethnic group and having the 
same genetic background, but living under different conditions, have demonstra- 
ted that the incidence of atopic diseases is higher in industrialised countries than 
in former socialist countries of Eastern Europe (ISAAC 1998 [24]). For example, in 
Northern and Eastern Europe the l-year prevalence of flexural dermatitis was high- 
est in Scandinavia, lower in the Western part of the former socialist region (i.e., 
Estonia, Latvia, and Poland), and lowest in those former socialist countries with a 
lifestyle even more different from that of Western Europe, e.g., Albania, Georgia, 
Romania, Russia and Uzbekistan. Similar differences were observed between East- 
ern and Western Germany, but limited to those born after 1961 [36, 60], as well as 
between Estonia and Sweden [25] and between Polish and Swedish schoolchildren 
[5]. Additionally, in both Western and Eastern countries the prevalence was higher 
in urban than in rural areas [5]. 
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Migrant studies also support the proposition that environmental factors asso- 
ciated with “urbanisation” and “development” are important in the aetiology of AD. 
The risk of AD is higher for Asian children born in Australia than for recently immi- 
grated Asian children [32]. Polynesian immigrants to New Zealand have a higher 
prevalence of AD compared with similar genetic groups of their country of origin 
[59]. London-born black Caribbean children have been shown to be at higher risk of 
AD than their white counterparts [62]. This supports the notion that genetic and 
environmental factors are important components in determining the expression of 
AD. 

Other interesting observations are a 1.5- to 2-fold higher prevalence of AD found 
in higher than in lower socioeconomic groups [3, 43, 61, 68], and in children in pri- 
vately owned rather than rented houses. There is also a greater risk of AD in smaller 
families [37]. 

Epidemiological observations which support the role of urbanisation, develop- 
ment, and Western lifestyle in the increasing prevalence of atopic diseases within the 
past decades are: 

m Increasing prevalence over the last 30 years in industrialised Western countries 
H Prevalence higher in immigrants to Western countries 
H Prevalence higher in industrialised countries with a market economy 
m Prevalence higher in urban than in rural areas 

■ Prevalence higher in privileged socioeconomic groups and smaller families 
m Increase most obvious in children and young adults 

■ Increasing prevalence with increasing industrialisation in developing countries 



Environmental Factors and Lifestyle 



Tremendous changes 
towards a Western lifestyle 
have occured in the 
former East Germany since 
unification. 



In East Germany the prevalence of atopic sensitisation increased after the German 
unification. Between 1991 and 1996 there was a significant increase in the prevalence 
of hay fever, atopic sensitisation, and eczema in 9- to 11-year-old schoolchildren in 
Leipzig, (formerly East) Germany [38]. Tremendous changes towards a Western life- 
style have occurred in the former East Germany since unification. Which are the 
critical factors of a “Western lifestyle”? The following have been proposed as poten- 
tial explanations for the higher prevalence of atopic disorders in West European 
countries: smaller family size, higher socioeconomic status, Western diet, increasing 
allergen exposure attributable to indoor and outdoor pollution. Changes in dietary 
habits have been noted as a characteristic of societies with increasing affluence, and 
Black and Sharpe [4] have postulated that high intake of certain polyunsaturated 
fatty acids, such as linoleic acid, may be a risk factor for the development of child- 
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hood asthma and allergies. Von Mutius [38] postulated that the increase of marga- 
rine consumption in East Germany might be a risk factor for the increase of allergic 
diseases. The relation between increased versus unchanged margarine consumption 
and the prevalence of hay fever remained significant in this study after adjustment 
for family history of atopic diseases, socioeconomic status, number of siblings, use 
of wood or coal for heating, and pet ownership (odds ratio 2.0, 95% Cl 1.1-3.5). 

We, however, can only speculate about the role of environmental factors and 
do not yet know whether these factors may enhance sensitisation or trigger an aller- 
gic reaction in sensitised individuals. Can the increase of AD be at least partly ex- 
plained by the exposure to new or higher concentrations of airborne or dietary 
antigens, and/or by environmental factors increasing the susceptibility to cutaneous 
irritation and sensitisation? Epidemiological studies on environmental risk factors 
are difficult to perform because of the complexity and interrelationship of these 
factors. It is especially difficult to control for possible confounding factors and to 
find a real cause-and-effect relationship. Therefore, carefully designed studies are 
needed, and only a very limited number of questions can be answered in any one 
study. 

Environmental factors, like exposure to allergens, outdoor and indoor pollution 
(e.g., tobacco smoke, emissions from building material, ventilation) may enhance or 
trigger atopic reactions in susceptible individuals. These factors have undergone 
major changes in the past decades. The discussion of the various environmental 
factors influencing atopic diseases has thus far been limited mostly to the possible 
effects of increased exposure to certain allergens (house dust mites, nutrition, air- 
borne antigens, pets), deteriorating air quality (outdoor and indoor pollution), and 
poorly- ventilated houses. Exposure to tobacco smoke is by far the most clearly iden- 
tified risk factor for the development of allergic diseases, but there is no convincing 
evidence that daily exposure to tobacco smoke results in an increased risk of devel- 
oping AD [34]. Outdoor pollution (S 0 2 , N 0 2 , diesel particles) may be one of the en- 
vironmental factors, but no clear relation between air pollution and the prevalence 
of AD was confirmed in various studies. Indoor concentrations of some pollutants 
maybe far in excess of the outdoor concentration (especially in rooms where people 
are smoking). The indoor environment probably plays a larger role in the develop- 
ment of AD. Modern, well-insulated houses have been associated with an increased 
risk for the development of sensitisation and allergic manifestations [30]. 

“Environment”, however, is much more than emission from traffic and indus- 
try, or exposure to mites and dander. The concept of “lifestyle” seems to be more 
promising and serves to describe some major changes in our society within the past 
decades. This concept includes factors such as dietary changes, the microbial envi- 
ronment, stress, new and better-insulated houses, extensive travel to new environ- 
ments, and much more (Table 1.6). 



Environmental factors, 
like exposure to allergens, 
outdoor and indoor 
pollution may enhance or 
trigger atopic reactions in 
susceptible individuals. 
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Epidemiological data from 
Guinea-Bissau show that 
a history of childhood 
measles infection was 
associated with a 50% 
decrease in the rate of 
positive atopic skin tests. 
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Table 1.6. Changes in lifestyle and environment after the Second World War in industrialised Western 
countries (examples) 



Factors 

Urbanisation 


Result m: 

Higher exposure to air pollution, major changes in habits 


Lifestyle 


Most time spent indoors 

Extensive travel and exposure to new environments 

Smaller families 

Higher incomes 

More cars 

More pets 

Fewer infections 


Diet 


A wider range of foods (many that are new) 

New food additives and preservatives 

Foods processed by industry 

Prolonged storage time of foods, genetic manipulation 

No seasonal variation 


Buildings and homes 


New building materials 
More efficient insulation 
Larger dwellings 
New chemicals at home 
Increased indoor humidity 



Immunology and Infections 

The improved living standards and immunisation programmes in Western societies 
have led to a decline in many infectious diseases in developed countries. Can this 
medical progress be responsible for the increase in atopic diseases? 

Epidemiological data support the possibility that diminished exposure to in- 
fections might prompt atopic responses [37] and cross-infections from other siblings 
in larger families might have a protective role in atopic disease expression [51]. An 
interesting observation is that children with atopic dermatitis occasionally undergo 
spontaneous although usually temporary remission following severe bacterial or vi- 
ral infections [29]. Epidemiological data from Guinea-Bissau show that a history of 
childhood measles infection was associated with a 50% decrease in the rate of posi- 
tive atopic skin tests [49]. Among Japanese schoolchildren, a strong inverse associa- 
tion between delayed hypersensitivity to Mycobacterium tuberculosis and atopy was 
reported [50]. Children with positive delayed hypersensitivity to tuberculin (DHT) 
had serum cytokine concentrations suggestive of predominant T-helper cells 1 (Thi) 
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Table 1.7. Prevalence and cumulative incidence of atopic diseases in children of Steiner schools and 
normal schools (according to [1]) 





Steiner (n— 295) [%] 


Control (n— 3S0) [%] 


p value 


Previous AD 


5.1 


8.2 


n.s. 


Current AD 


2.7 


8.9 


<0,001 


Asthma 


5.8 


17.0 


<0.001 


Rhinoconjunctivitis 


7.1 


14,0 


<0,01 


Atopy 


110 


25,0 


<0.001 



responses, in contrast to the T-helper cells 2 (TI12) profiles seen in children with 
negative DHTs. In this study no differences were found for possible confounding 
variables like lifestyle, environmental factors, or nutritional status. 

An inverse association of anthroposophic lifestyle and atopy was reported from 
Sweden [1]. The prevalence of current AD, asthma, rhinoconjunctivitis and atopy 
was significantly decreased in children of the Steiner schools (Table 1.7). The anthro- 
posophic lifestyle characteristics included less use of antibiotics (52% vs. 90%) in 
early life and a reduced combined immunisation against measles, mumps and ru- 
bella (18% vs. 93%). Further, 61% of the children at the Steiner schools had had 
measles compared with 1% in the control group. The children of the Steiner schools 
more frequently consumed fermented vegetables containing live lactobacilli. 

A recent cohort study also supports the hygiene hypothesis that exposure to high 
concentrations of endotoxins very early in life might protect against the develop- 
ment of atopic eczema within the first 6 months of life, along with an accompanying 
increased prevalence of nonrespiratory diseases [21]. 

The primary immune responses to allergens are assumed to be different in atopic 
and nonatopic individuals. They are encountered during early life and include 
both Thi- and Th2-like immunity. With repeated exposure over time, one type will 
become dominant. In nonatopic individuals, the likelihood for Thi-type immunity 
to eventually prevail is high. In atopic individuals, Th2-type immunity associated 
with a continuing IgE antibody formation is common. This genetically determined 
propensity can be modified as infections and other kinds of microbial stimulation 
select for Thi-like immunity. If an individual has predominantly Th2 T cells, the Th2 
phenotype interacts with the environmental allergens to produce atopic diseases. In- 
fections may alter the balance between Thi and Th2 phenotypes [9]. The clean liv- 
ing conditions of Western societies with reduced incidence of infection may tip the 
balance towards the Th2 phenotype and predispose to atopic manifestations. Less 
microbial pressure exerted on young individuals in Western societies during the 
maturation of the immune system would result in a lower, slower postnatal matu- 
ration of the immune system and thus to a delay in reaching an optimal balance 
between Thi- and Th2-like immunity [23]. 
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The cumulative incidence of AD up to 15 years of age was significantly reduced 
among children with insulin-dependent diabetes mellitus (IDDM) - 13.1% compared 
with 19.8% in nondiabetic children [40]. These findings may be explained by a dif- 
ference in acquired or inherited reactivity patterns associated with atopic dermati- 
tis (Th2) and IDDM (Thi). 

Helminthic and other parasitic infections may protect against allergic diseases, 
despite up-regulation of Th2 responses. These findings could explain the lower 
prevalence of AD in rural regions and in developing countries. 

The role of parasite, bacterial and viral infections in relation to AD needs to be 
further analysed in prospective studies, especially regarding AD, as most of the re- 
cent studies have focused mainly on allergic asthma. 



Future Public Health Implications of Increasing Atopic Dermatitis 



Most studies support the 
notion that there has been 
a true increase in the 
prevalence of AD over the 
past three decades in 
industrialised countries. 



Why are atopic diseases 
increasing? 



In conclusion, most of the studies support the notion that there has been a true in- 
crease in the prevalence of AD over the past three decades in industrialised countries 
with a market economy and a Western lifestyle. However, the most important risk 
factor is still the genetic disposition. Therefore, a more detailed understanding of 
the factors responsible for the increase of atopic dermatitis and allergic diseases in 
Western countries maybe helpful in preventing atopic diseases in high-risk families. 
For a better understanding, more carefully designed epidemiological studies are 
needed on the role of potential risk factors. For developing more effective primary 
and secondary prevention, well-designed randomised intervention studies are needed. 
In developed countries atopic diseases should be ranked higher in public health 
programmes. 

In developing countries the public health implications for atopic diseases are also 
significant. A better understanding of the factors involved may help to prevent simi- 
lar increases in those countries undergoing rapid changes towards a Western life- 
style and economy. 

More intensive research directed at the interrelationship between infections and 
sensitisations in our rapidly changing environment is needed. Comparative studies 
in developed and developing countries seem to be promising. However, effective 
cooperation between the fields of epidemiology and fundamental biology will be 
necessary to answer the question, “Why are atopic diseases increasing?”. 

Public health programmes have to be established for the prevention of atopic 
diseases. Family-orientated information about skin care and irritancy, allergen 
avoidance and diet should be available to individuals at high risk. Because of the 
magnitude of the problem, specific information should be released to the general 
population. General practitioners, gynaecologists, midwives, paediatricians and pae- 
diatric nurses should be primarily involved in such a programme. Dermatologists 



13 





References 



who frequently treat children with atopic dermatitis should be aware of the broad 
spectrum of allergic diseases. The impact of physicians involved in disease manage- 
ment should not be limited to the prescription of topical and systemic treatments, 
but should be expanded to the implementation of prophylactic measures as well. 

Later in life, for instance, counselling concerning professional occupation should 
be systematically given to AD patients, especially those with a history of hand der- 
matitis [8]. 
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The Pathogenesis of the Atopic Eczema/ 
Dermatitis Syndrome 

N. Novak , 1 Bieber 



Introduction 

Substantial progress has been made in elucidating the immuno allergic mechanisms 
underlying the cutaneous inflammatory reaction in atopic eczema/dermatitis syn- 
drome (AEDS). AEDS is a chronic inflammatory skin disease clinically and histologi- 
cally very similar to allergic contact dermatitis. Hence, immunoallergic events are 
assumed to be pivotal in this condition. However, the exact mechanisms remain elu- 
sive, even though, thanks to modern immunology and molecular biology, some 
progress has been made in unravelling the pathophysiology of this complex disease 
(Fig. 2.1). Based on clinical observations and concomitant allergological investiga- 
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Figure 2.1. Pathogenetic mechanisms contributing to atopic eczema dermatitis syndrome. Staphylo- 
coccus aureus enterotoxin B (SEB); keratinocytes ( KC ); dendritic cells (DC), T-helper cells (Th); mast 
cell (M) 
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A EDS can be subdivided 
into two distinct forms: 
the extrinsic form/aliergic 
form and the intrinsic 
form/non-allergic form 



tions, it has been proposed that AEDS can be subdivided into two distinct forms: the 
extrinsic form/allergic form, occurring in the context of elevated serum immuno- 
globulin E (IgE) and sensitisation towards environmental allergens; and the intrinsic 
form/non-allergic form, occurring in the absence of any typical sensitisation. While 
the pathophysiology of the intrinsic/non-allergic form remains a black box, more 
progress has been made in understanding the extrinsic/allergic form. Thus, since IgE 
plays a major role in other atopic diseases, such as asthma and allergic rhinitis, it is 
assumed that in the extrinsic/allergic form as well, IgE mediates the specificity of the 
inflammatory condition in the skin. 



Genetic Factors 

Atopy and atopic disorders are multifactorial diseases developing against a back- 
ground of gene-gene and gene-environment interactions. A number of candidate 
genes have been proposed by several research groups, and linkage has been found 
between atopy and some chromosomal regions characterised by genetic markers. 
The genetic studies of atopic disease have provided some contradictory results about 
numerous linkages to various chromosomal regions and only a few of them were 
reproduced in more than one study. Databases have been developed to provide on- 
line resources for the accessing of data on the genetics of asthma and allergy, where 
detailed descriptions of linkage studies, gene-expression studies, and links to relevant 
patents are available [52]. 

On the assumption of an identical genetic background in the German popula- 
tion, recent epidemiological studies comparing populations in former West and East 
Germany point out the role of environmental factors in AEDS. The prevalence of 
AEDS in children was significantly higher in East than in West Germany, but the fre- 
quency of IgE-mediated sensitisation to environmental allergens in AEDS-affected 
children was much higher in West Germany [115]. 

The most important risk factor for the development of AEDS seems to be a kind 
of “Western lifestyle”, although we do not know exactly which factors are relevant 
for the development and increasing incidence of AEDS. There is evidence for a higher 
incidence of this condition in second-born children, suggesting a possible link to the 
age of the mother or other parameters [104]. 

Another point which is discussed is the positive influence of breast-feeding, but 
convincing epidemiological data are still lacking [24, 53, 124]. In summary, all of the 
different epidemiological study groups show a clearly increasing incidence of AEDS 
in recent years [96, 131]. 

Progress has been made in genetic epidemiology, and a series of candidate genes 
has been disclosed, most of them associated with either atopic diathesis as such or 
at least with increased serum levels of IgE. A supporting observation is that of trans- 
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fer of “atopic status” by allogeneic bone marrow transplantation to a non-atopic in- 
dividual [2]. The genetic studies on AEDS may be classified into two different ap- 
proaches: linkage analysis studies and the study of candidate genes. The first 
strategy is aimed at detecting an association of the AEDS phenotype with any of the 
chromosome regions. Meanwhile, the candidate gene studies investigate the associa- 
tion of polymorphisms of a specific gene with the atopic phenotype and are re- 
stricted to the investigation of a single, already known gene locus. Most of these 
studies focus on components of the skin immune system, such as cytokines or cell- 
surface receptors (Table 2.1). 



Table 2.1. Candidate genes for atopy and atopic eczema/dermatitis syndrome 



Region 


Candidate gene 


Phenotype 


1p32-31 


Unknown 


Positive skin prick test 


2q21-q23 


Unknown 


Specific IgE 


3q21 


Unknown 


AIDS 


3p24.2-22 


Unknown 


Atopy/allergic asthma 


4q35.2 


Unknown 


Atopy/a llergic asthma 


5q31,1 


IL-4 duster 


Total IgE 


5q32 q33 


Gl ucoco rtkosteroid rece pto r 
^-adrenergic receptor 


Total IgE 

Brondi ial hyper react i v it y/ast h m a 


6p21 .3 


MHC dass if " 


Specific IgE 


6p21 .3 


TNF-ol 


Total IgE 


8p23-p21 


Unknown 


Specific tgE 


11q13 


FceRIb 


Atopy, asthma, total and specific IgE 


12q15-q24.1 


LGF1, SCF 


Atopy, total IgE 


13q12-14 


Unknown 


AEDS 


14qll.2 


T-cell receptor 
Mast cell chymase 


Specific IgE 
Atopic dermatitis 


14q32 


IgG heavy chain 


Atopy 


16pl 1.2-1 2.1 


IL4Rot 


Total IgE 


1 6q24. 1 


Unknown 


Atopy /a llergic asthma 


1 7 q 1 1 . 2 


RANTES gene 


AEDS 


19ql3 


Unknown 


Allergic asthma, total IgE 


2 1 q2 1 


Unknown 


Atopy/allergic asthma 



IGFi insulin-like growth factor, HLA-DR D-related human leukocyte antigen, SCF stem cell factor, (and see list of 
abbreviations). 
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Candidate Genes Related to IgE Synthesis 

In 1998, linkage analysis showed a gene encoded at i6pn.2-i2 to be linked to the 
total serum-IgE level. This gene region is the location of the interleukin-4 receptor 
alpha chain (IL-4R0O [30]. Initially, it was suspected that a mutation putatively lead- 
ing to increased IL-4 receptor activity (Q576R) could be responsible for elevated IgE 
secretion [46]. Subsequent analyses have shown that polymorphisms affecting at 
least four different amino acids in the cytoplasmic domain of IL-4R01 may signifi- 
cantly influence the outcome of IL-4 receptor signalling and, consequently, IgE secre- 
tion [67]. 

The factors for genetic up-regulation of IgE responsiveness cannot be described 
by the action of a single major gene, and several linkage regions were identified for 
different specific IgEs (e.g. for Dermatophagoides pteronyssinus - IgE linkage regions 
on chromosomes 1, 2, 4, 5, 10, 12, 16, 21) [143, 144]. 

A major locus that causes a general predisposition to atopy was found at 5q3i 
[37] . This chromosome segment contains the IL-4 cytokine gene cluster, which 
includes the cytokine genes IL-13, IL-4, IL-5, IL-3, and colony- stimulating factor 2 
(CSF2). In addition, the IL-4 promoter polymorphism, which contains a C to T 
change at position -590 bp, is associated with elevated serum IgE levels in atopic 
families [111]. 

Evidence was also found for linkage of high total IgE with I2q2i-iq24.i, where 
the genes for interferon-y (IFN-y) and stem cells factor (KIT-ligand/mast-cell growth 
factor) are located [25]. 



Candidate Genes Related t& the High Affinity Receptor for IgE FceRI 

The gene locus nqi3, a region encoding for the ( 3 -chain of the high affinity receptor 
for IgE, has been linked to the AEDS phenotype by Cookson et al. [25, 26], and va- 
riants of this gene seem to exert a regulatory effect on IgE production [123]. Addi- 
tionally, Cookson et al. provided the first evidence for a maternal imprint effect in 
atopy [27], revealed as a significant sharing of maternally inherited alleles in region 
nqi3 in sib pairs with atopic IgE responsiveness. 

The gene for the human ( 3 -chain of the IgE receptor has been characterised on 
chromosome iq23 and seems to have evolved from a common ancestor by duplica- 
tion of the y-chain of the T-cell receptor [68]. Both genes show an analogous organi- 
sation of their exons, and y- and 6-chains are essential for surface expression of their 
respective receptors. 



26 




Immunological Mechanisms Involved an AEDS 



A variant of the RANTES gene, which results in a new consensus binding site for 
the GATA transcription factor family, has been identified as a functional mutation in 
the proximal promoter of the RANTES gene (=small inducible cytokine A5, gene: 
SCYAS, i7qn.2). Up-regulation of C-C-chemokine expression is characterised by al- 
lergic inflammation and atopic diseases [94]. 

In a more recent study, evidence of linkage of AEDS to chromosome 3q2i near 
marker D3S3606 was detected [72]. It was only owing to an assumption of paternal 
imprinting that significant evidence for linkage of allergic sensitisation was detected 
in this locus, indicating that this trait is transmitted predominantly by the mother. 

Finally, another gene, which has been thought to be specifically linked to AEDS, 
but not to other atopic diseases, is that of the mast-cell chymase, encoded at i4qn.2, 
an association which was not confirmed by another Japanese study [81, 62, 130]. 



Immunological Mechanisms Involved in AEDS 

The Skin immune System 



Over the past two decades, it has been clearly shown that the skin is much more 
than just a covering and protecting coat. Indeed, it represents an integral component 
of the immune system, and like other interface organs such as the lung and the gut, 
it could in many ways be considered a front line of immune defence. As recently 
demonstrated in immunology, the mechanisms of skin immune defence can be 
broadly divided into two categories: the innate or non-adaptive immune response, 
and the adaptive or acquired immune response [13, 14]. The innate immune response 
of the skin is achieved through the presence of evolutionary highly conserved anti- 
microbial peptides such as P-defensin [150]. The adaptive component contains the 
full repertoire of immune mechanisms employed by the immune system in other 
organ systems. In contrast to innate immunity, this type of immune defence is anti- 
gen specific and is amplified upon re-exposure to the same antigen. Thus specificity 
and memory are key features of the adaptive immune system and are mediated 
by various cellular components of the epidermal and dermal compartments. The 
functional architecture of the skin immune system (SIS) comprises a static and a 
more dynamic component. The cellular elements of the static component are those 
cells which are anatomically part of the skin architecture, such as keratinocytes, 
fibroblasts and endothelial cells, which provide the necessary background for the 
immune reaction (e.g. by producing proinflammatory cytokines). The dynamic 
component is composed of leucocytes - i.e. antigen-presenting cells (APC) such 
as Langerhans cells (LC), dendritic cells (DC) and macrophages, as well as T cells, 
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which are committed to spending a limited time in the skin [97]. Schematically, these 
cells, being equipped with immune recognition receptors (e.g. T-cell receptor [TCR] 
and Fc receptor [FcR]) provide the specificity of the immune reaction. A circulating 
pool of skin-homing T cells, identified as cutaneous lymphocyte-associated antigen 
(CLA-antigen) positive T cells, represents the cellular basis of the immunological 
memory of the skin. The great variations in the clinical appearance of the skin dis- 
ease are the product of complex interactions between the static and the dynamic 
components. 



Evidence for a Pathophysiological Role of Keratinocytes in AEDS 



Even non-involved skin 
of atopic eczema patients 
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severe dryness and an 
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AEDS results from complex interactions between genetic and environmental me- 
chanisms. As a basic defect, an altered lipid composition of the stratum corneum is 
responsible for the xerotic aspect of the skin and determines higher permeability to 
allergens and irritants. In addition, keratinocytes in AEDS exhibit a high potential 
for producing cytokines and chemokines, a phenomenon which has a major role in 
promoting and maintaining inflammation [97]. 

An altered lipid metabolism in keratinocytes of atopic dermatitis patients leads 
to skin dryness and dysfunction of the epidermal permeability barriers, resulting in 
the characteristic dry and easily antigen-permeable skin of AEDS [34, 108]. Cera- 
mides serve as the major water-holding molecules in the extracellular space of the 
cornified envelope, and the barrier function of these complex structures is provided 
by a matrix of structural proteins bound to ceramides by ester linkages [82, 129]. As 
a basic defect, a reduced content of ceramides has been reported in the cornified 
envelope of both healthy and diseased epidermis in AEDS patients. The levels of 
ceramide 1 and 3 were significantly lower and values of cholesterol significantly 
higher in patients with atopic dermatitis as compared with healthy subjects [31, 92]. 
The abnormal expression of ceramides results from an abnormal expression of 
sphingomyelin deacylase-like enzymes [11, 31, 40, 41, 45, 92, 103]. Even non-involved 
skin of atopic eczema patients is characterised by severe dryness and an impairment 
of the barrier function of the stratum corneum, as indicated by an increased trans- 
epidermal water loss coinciding with marked alterations of the amount and compo- 
sition of stratum corneum ceramides [40, 41, 92]. Another component that is 
decreased in AEDS skin is filaggrin, a precursor of the proteinaceous component of 
the cellular matrix. Furthermore, the skin of AEDS patients is frequently colonised 
by bacteria, most typically by Staphylococcus aureus ( S . aureus ), an organism pos- 
sessing genes such as those for sphingomyelinase, which are related to the sphin- 
golipid metabolism [1, 103, 122]. Ceramidase, which breaks ceramide down into 
sphingosine and fatty acid, is secreted significantly more from the bacterial flora 
obtained from lesional and non-lesional skin. Skin functions of subjects with AEDS 
undergo fluctuations according to the phase of disease. A shift in pH values towards 
alkalinity at eczematous and uninvolved skin sites has been shown for the active 
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phase of the disease [40]. Additionally, the skin of subjects with current disease 
shows significantly lower capacitance values and the water content of these subjects 
is significantly reduced in relation to that of normal controls [40]. The susceptibil- 
ity to irritants in AEDS can thus be ascribed both to a primary defect of epidermal 
differentiation and functions and to the presence of subclinical inflammation- 
induced skin damage, as evidenced by further impairment of the barrier during the 
active phase of the disease. Altogether, the defects in the epidermal barrier lead to 
the release from keratinocytes of cytokines such as IL-ia, tumour necrosis factor a 
(TNF-a), granulocyte-macrophage colony-stimulating factor (GM-CSF) and other 
growth factors [108]. 

Whether this putative defect of atopic keratinocytes is responsible for the distur- 
bance in the epidermal biology of these patients, whether the disturbance results 
from an intrinsic defect of AEDS keratinocytes, or whether the components combine 
for an additive effect remains to be verified. 



The Role of Infectious Agents 

Staphylococcus aureus superantigens are presented as “ordinary” antigens in the 
peptide-presenting groove of the major histocompatibility complex (MHC complex) 
to the respective antigen-specific T cell. On the other hand, the intact proteins bind- 
ing the MHC complex are capable of bridging the MHC complex to all T cells with 
the same P-chain family, irrespective of their antigen specificity. Antigen-specific 
and antigen-unspecific T-cell activation mechanisms synergistically trigger pro- 
inflammatory signals inside the epidermal compartment of the skin immune system, 
which serve as an adjuvant for the ongoing antigen-presentation processes [75]. The 
nasal vestibula of AEDS patients are frequently colonised by S. aureus , and Staphy- 
lococcus strains are potent producers of Staphylococcus superantigens [1, 76]. 
S. aureus is in fact found in over 90% of patients with chronic AEDS skin lesions, 
reaching a density of approximately 1 million per cm 2 [75, 78, 93]. Acute exudative 
skin lesions can contain over 10 million of these organisms per cm 2 , and increased 
numbers of them have been found on even clinically normal skin of AEDS patients. 
In contrast, only 5% of normal subjects harbour this organism on their skin surface. 
The reason for increased binding of S. aureus to atopic skin is not completely under- 
stood [12, 36, 139]. Scratching is an important factor, enhancing the binding of the 
bacteria by disturbing the skin barrier and exposing extracellular matrix molecules 
known to act as an adhesin to S. aureus (e.g. fibronectin, collagens, fibrinogen, elas- 
tin, laminin) [22, 38, 75]. In addition, bacterial binding was found to be significantly 
greater at skin sites with Th2-mediated inflammation [23]. One possible reason for 
this seems to be that IL-4 enhances the binding to the skin by inducing the synthe- 
sis of fibronectin, an important S. aureus adhesin [75]. It is well accepted that these 
bacteria are responsible for some flare-ups or exacerbation states of AEDS by the 
secretion of toxins known to act as superantigens, such as S. enterotoxin-A (SEA), 
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S. enterotoxin B (SEB), and toxic shock syndrome toxin-i (TSST). Following 
superantigenic stimulation, skin homing CLA + T cells from AEDS patients undergo 
a TCR-V beta expansion [29]. In some patients specific IgE antibodies directed 
against the staphylococcal superantigens were found in the skin, leading to the re- 
lease of histamine from basophils [17, 49, 76]. Superantigens penetrating the skin 
barrier induce the production of IL-i, TNF-a and IL-12 by epidermal LC and macro- 
phages which evoke the up-regulation of E-selectin on vascular endothelium, lead- 
ing to the influx of CLA + Th2 memory cells [4, 18, 47, 77, 90, 128]. Additionally, it has 
been shown that superantigens reduce the apoptosis of monocytes from AEDS pa- 
tients via the stimulation of elevated GM-CSF production. 

Based on these pathophysiological mechanisms, effective topical antibacterial 
treatment in AEDS seems to be necessary in order to remove the staphylococci as 
trigger factors of a vicious circle that blocks the way to therapeutic benefit. 



Autoallergens 



The molecular analysis of 
allergens has revealed 
striking similarities 
between environmental 
allergens and human 
proteins 



The molecular analysis of allergens has revealed striking similarities between en- 
vironmental allergens and human proteins, leading to the hypothesis that auto- 
immune reactions might play a role in AEDS [136]. 

Recently, Valenta et al. [135] reported an impact of autoantibodies directed against 
human proteins in the sera of AEDS patients. These IgE-reactive autoantigens were 
cloned from human epithelial copy DNA (cDNA) expression libraries and have been 
found to represent primarily intracellular proteins. The autoantigens seem to act as 
adjuvants to the immunological mechanisms in AEDS patients with elevated IgE lev- 
els, as they have been detected in IgE-immune complexes of AEDS sera [120, 121] . The 
autoallergens characterised for AEDS are Horn s 1-5 and DSF70 [101, 135]. IgE anti- 
bodies against Horn s 1 seem to be very specific for AEDS, as they were detected in 
patients with AEDS, but not in patients with other skin diseases such as chronic ur- 
ticaria or systemic lupus erythematosus or in healthy control subjects. The release of 
autoallergens from damaged tissue could trigger allergic responses and in this way 
contribute to the severity and exacerbation of AEDS. 



Neuroimmunological Factors Influencing the Skin 

Important psychogenic cofactors implicated in AEDS are aspects such as stress, 
which can lead to an exacerbation of atopic eczema, but the exact mechanisms of the 
interaction of the SIS and the nervous system have not yet been identified. Neu- 
ropeptides, like the calcitonin gene-related peptide (CGRP), which is found within 
epidermal nerve fibres in association with epidermal Langerhans cells, could be one 
mediator of such a mechanism [51, 69]. It has been shown in functional assays that 
CGRP is able to exert an inhibitory effect on the antigen presenting capacity of LC 
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[5]. In addition, activated keratinocytes are able to produce neuropeptides such as 
proopiomelanocortin-derived hormones (a-MSH), which in turn seem to promote 
IL-10 secretion in order to induce negative feedback signals for the down-regulation 
of the inflammatory reactions in the skin [79, 116]. 

The mechanisms of the neuroimmunological network in skin diseases such as 
AEDS are still under investigation and might provide new tools for therapeutic in- 
tervention strategies in the future [146]. 



Phosphodiesterase Activity 

Some studies have shown that leukocytes from patients with atopic dermatitis have 
increased levels of cyclic adenosine monophosphate (cAMP) -phosphodiesterase 
activity, an enzyme abnormality which results in reduced intracellular cAMP, creat- 
ing a permissive effect upon cell function. This increased activity accounts for sub- 
normal cAMP responses and correlates with increased prostaglandin E2 (PGE2) 
production of monocytes, which in turn inhibits Thi responses and accentuates 
interleukin-4 secretion by Th2 cells [39, 42, 44, 50, 60]. Elevated prostaglandin E2 
secretion correlates with abnormally increased (cAMP)-phosphodiesterase activity 
in monocytes. It appears that, in addition to prostaglandin E2, IL-10 acts to regulate 
the balance between Thi and Th2 functional responses, accounting for many atopic 
features, including IL-4, IL-5, and IL-6 production by T cells, increased IgE syn- 
thesis, decreased interferon-y production and impaired cell-mediated immune 
responses [44, 107]. All of these abnormalities can be related to increased phosphodi- 
esterase (PDE) activity in atopic monocytes, and inhibition of this key enzyme 
appears to reverse atopic dermatitis inflammatory abnormalities in vitro and in vivo. 
Clinical studies using topical type-4 PDE inhibitors have shown significant, but not 
dramatic, improvement of the skin lesions in atopic dermatitis patients. 



Omega-6 Fatty Acids 

Immunological and biochemical alterations in atopic dermatitis have been attribu- 
ted to a deficient conversion of omega-6 fatty acids (i.e. linoleic acid, gamma-linoleic 
acid and dihomo-gamma-linoleic acid) to prostaglandin Ei. There is evidence for a 
deficiency of essential long-chain omega-6 fatty acids and E-type prostaglandins, 
which are important for thymic T-cell maturation and thymus hormone action. The 
proposed concept links the alterations in cell-mediated and humoral immunity in 
atopy to impaired prostaglandin E-mediated thymic maturation of T-suppressor 
lymphocytes, and to diminished activation of T-suppressor lymphocytes of the peri- 
pheral atopic immune system. The decreased sensitivity of atopic T-lymphocytes to 
PGE, explained by a reduction of PGE2-receptors on atopic lymphocytes, is regar- 
ded as a common underlying defect in atopy. A second defect, the delta-6 desaturase 
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deficiency affects the regular supply of the PGE-precursors. Deficiencies of 6-desatu- 
rated omega-6 fatty acids [80, 151] have been observed in plasma phospholipids, 
in epidermal red cell phospholipids of patients with AEDS, in umbilical cord plasma 
lecithin of newborn infants with increased cord blood IgE levels, in cord blood 
T cells of “atopy-at-risk” newborn infants, in atopic monocytes, in adipose tissue 
lipids of patients with AEDS, in breast milk lipids of mothers with a history of AEDS, 
and in breast milk lipids of mothers of infants with AEDS. Reduced release of arachi- 
donic acid has been measured in atopic monocytes and platelets. Diminished for- 
mation of PGE2 has been observed in atopic monocytes under stimulated and 
unstimulated conditions, and in inflamed and non-inflamed atopic epidermis. PGE2 
is able to suppress interleukin-4 induced IgE synthesis of human non-atopic mono- 
nuclear cells in vitro [39, 44, 60, 73, 86-89, 107, 126]. 
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Ontogenesis of Dendritic Cells. More than 100 years ago the first dendritic cell was de- 
scribed by Paul Langerhans (1868) and was originally thought to be a type of cuta- 
neous nerve cell [10, 127]. Dendritic cells have been found in all types of epithelia 
(skin, mucous membranes and lung), as interstitial DC in the heart, kidney and other 
organs, and with various subtypes in the blood and lymphatic organs, and they 
present different maturation states connected by circulatory pathways. In addition to 
their typical dendritic structure and tissue suspension, they are characterised by a 
high expression of the MHC class II, which is in accord with a high capacity for 
stimulating allogeneic T cells. 

Since the first demonstration by Katz et al. [61] that epidermal LC are derived 
from bone-marrow cells, methods have been established to generate CDia + LC- 
like DC from CD34 + stem cells by supplementing GM-CSF and TNF-a. In 1994, 
Sallusto and Lanzavecchia [112] were able to generate CDia + DC corresponding to 
interstitial DC in their phenotype by culturing monocytes with GM-CSF and inter- 
leukin-4 [102, 105]. 



Antigen Uptake.DC in tissues are highly specialised for capturing and processing 
foreign or autologous protein antigens or haptens. Uptake of high-molecular- weight 
antigens by DC may occur through macropinocytosis or more specifically through 
a number of membrane receptors such as FcyRII and FcsRI loaded with the ad- 
equate antibodies [113]. DC also express membrane receptors bearing multiple 
lectin domains, such as the mannose receptor or DEC-205 molecule [113]. These 
structures enable DC to internalise antigens by receptor-mediated endocytosis, 
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a pathway which leads to antigen uptake into specialised compartments inside DC 
and allows efficient processing and subsequent loading of these antigens on MHC 
class II molecules. In contrast, uptake of low-molecular-weight haptens mostly 
occurs via binding to surface glycoproteins and subsequent internalisation [65]. 

Another characteristic of DC is the high stability of MHC class I or II molecules 
on their cell surface, allowing them to be loaded for a long time with defined anti- 
gens. At this stage of maturation, DC are able to stimulate memory T cells travelling 
through the tissue, initiating a secondary immune response at the site of contact 
with captured antigen [48]. 

Migration and Maturation of DC. Thus, after antigen uptake, tissue DC migrate to the 
regional lymph nodes [54]. For example, LC seem to be able to migrate quite fast, 
i.e. several millimetres within 30 min. On their way to the lymph node, DC begin 
a profound metamorphosis, leading to significant changes in their structure and 
phenotype. In the afferent lymphatic vessels, DC have been described as so-called 
veiled cells and as interdigitating cells in the T-cell-rich paracortical zones of the 
secondary lymphoid tissues. As DC mature they lose their antigen uptake capacity, 
and their function shifts toward antigen presentation. One of the hallmarks of this 
development is the up-regulation of peptide-loaded MHC class II and co-stimula- 
tory molecules (CD80, CD86) on the surface of these cells [20]. In the meantime, 
DC rapidly down-regulate and sometimes completely abolish the expression of Fc 
receptors. Migration and maturation of DC seem to be linked processes in vivo since 
factors such as lipopolysaccharides, TNF-a and IL-i induce both processes. In vitro, 
TNF-a has been shown to induce maturation of monocyte-derived DC, also leading 
to up-regulation of CD80, CD86, CD83 and MHC class II. All these molecules are 
crucial for efficient antigen presentation to resting T cells [6, 21]. 

Antigen Presentation. One of the crucial tasks of DC is to prime naive T cells [114]. 
To do so, both DC and naive T cells have to localise in the paracortical zone of the 
lymph nodes. Upon reaching the T-cell area, a single DC can prime hundreds of 
naive T cells. In this process, peptide bound to MHC class II or MHC class I on DC 
are presented to T cells via the TCR [85]. 

DC have not been found to recirculate in peripheral blood or lymphatic vessels 
once antigen presentation has been achieved. Indeed, it is assumed that DC are killed 
by T cells or die by apoptosis on site [119, 137]. 

FceRI* Antigen-Presenting Cells in Atopic Diseases, Since most of the allergens atopic 
patients react to do not have direct access to B cells in the blood or lymphoid tissue, 
allergen capture, processing and presentation to T cells must be performed by APC 
localised in the tissue at the interface with the environment, i.e. lung, skin, nasal 
mucosa, gut or other epithelia. Thus, as they build up the first line of defence in these 
peripheral tissues, DC are considered the best candidates for priming naive T cells 
against environmental allergens. In the context of the Thi/Th2 dichotomy concept 
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which has dominated immunological research during the past decade, there has 
been intensive discussion about how resting T cells are directed to become Thi or 
Th2 cells during antigen presentation. While it became clear that IL-12 secreted by 
DC is mainly responsible for the shift to Thi, it was still a matter of debate which cells 
may be the source of IL-4, which shifts T-cell response to the Th2-type [59, 63]. 

It has been reported that APC, such as LC and DC, express the high-affinity re- 
ceptor for IgE, FceRI, which shows several important differences from this receptor 
on effector cells of anaphylaxis, i.e. mast cells and basophils [9, 99, 138]. Indeed, 
the receptor is not constitutively expressed on these cells but seems to be regulated 
by signals of the inflammatory micromilieu surrounding the cells. Thus, the highest 
expression of FceRI is displayed on LC and on a recently described inflammatory, 
dendritic epidermal cell type (IDEC) from lesional skin of atopic dermatitis [147]. 
The lack or low surface expression of this receptor is due to the low expression 
of the signal-transducing y-chain, which is mandatory for the surface expression, 
while the IgE-binding a-chain is present in a preformed state inside the cells. Fur- 
thermore, FceRI on LC, DC, and monocytes lack the four-transmembrane domain- 
P-chain [58, 66, 84]. This has a dramatic functional consequence: in contrast to LC 
and DC from atopic individuals, normal LC display low FceRI expression and are not 
fully activated upon receptor ligation. 

There is evidence for a role of FceRI in antigen focusing by monocytes, LC and 
blood DC. Multimeric ligands that have been taken up by FceRI-receptor-mediated 
endocytosis are channelled efficiently into MHC class II compartments such as 
organelles in which cathepsin S-dependent processing and peptide loading of newly 
synthesised MHC class II molecules occur [85]. This leads to an optimal antigen 
presentation to CD4 + T cells, as a first-line mechanism for antigen recognition. The 
expression of high density FceRI on LC/DC of atopic individuals implies several 
important corollaries. Firstly, DC extend their ability to react to allergens by binding 
large amounts of IgE molecules with various specificities. This significantly en- 
hances the probability of cross-linking FceRI by a defined allergen at the cell surface. 
Secondly, the IgE/FceRI complexes allow the capture of rather large allergens which 
under normal circumstances are not engulfed via the usual pathway, i.e. by pino- 
cytosis. Thirdly, aggregation of FceRI on DC is followed by its internalisation via 
receptor-mediated endocytosis by coated pits, coated vesicles and endosomes. This 
route might specifically dictate that the foreign structure will be efficiently processed 
and targeted to MHC class II-rich compartments, ultimately leading to a higher den- 
sity of specific peptides in the grooves of surface MHC class II molecules. Finally, 
DC expressing high receptor densities will display full activation upon FceRI recep- 
tor ligation, most probably inducing the synthesis and release of mediators, which 
might help to enhance the subsequent antigen presentation. 

It is possible that FceRI-expressing DC armed with specific IgE can boost the 
secondary immune response and further trigger IgE synthesis by recruiting and 
activating more antigen-specific TI12 cells. DC are the most potent stimulators of 
naive T cells - they are committed to initiate primary immune responses. The possi- 
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bility cannot be excluded that even complex allergenic structures efficiently cap- 
tured via FceRI on DC are processed by these cells in a way that leads to the unmask- 
ing and presentation of cryptic peptides/epitopes that the T cell has never met before 
[83]. This would initiate a primary reaction against these unhidden antigens, thereby 
helping to increase the variety of the IgE specificities. Antigen uptake and aggrega- 
tion of FceRI on DC could lead to the de novo synthesis and release of mediators 
capable of directing T cells towards a defined phenotype and function of Thi or Th2 
cells [8,98, 109]. 



Atopic Dermatitis 

FceRI-expressing DC (i.e. LC and IDEC) play a crucial role in the pathophysiology of 
AEDS, since they may represent the missing link between aeroallergens penetrating 
the epidermis due to the reduced skin barrier and antigen-specific cells infiltrating 
the skin lesions [7, 8, 148]. This concept is strongly supported by the observation that 
the presence of FceRI-expressing, LC-bearing IgE molecules is a prerequisite for pro- 
ducing eczematous lesions by the application of aeroallergens to the skin of atopic 
patients. Consequently, AEDS may represent a paradigm of an IgE-FceRI-mediated, 
delayed- type hypersensitivity reaction [7]. 

The initiation phase of AEDS maybe driven by cytokines derived from activated 
allergen-specific Th2 type cells. The expression of adhesion molecules on endothe- 
lial cells is increased, leading to the extravasation and invasion of other cells, such 
as macrophages, eosinophils, etc., attracted and activated by the Th2-type cytokines 
IL-4 and IL-5. Eosinophils as well as DC have been shown to produce IL-12, leading 
to an activation of allergen-specific or non-specific Thi or Tho cells. Thus, IL-12 may 
account for the termination of the Th2-type cytokine pattern and the switch from 
a Th2 to a Thi response with the release of IFN-y. This cytokine is responsible for 
the characteristics and chronicity of AEDS lesions and determines the severity of the 
disease. 

An Imbalance in the Spectrum of the Th1/Th2 Response. Following antigen presentation 
by either of the DC, Tho precursor cells are triggered to differentiate into Thi, 
characterised by the secretion of IFN-y and IL-2, or Th2, characterised by the secre- 
tion of IL-4 and IL-5. Tho cells represent most probably either a transitory state or 
an intermediate cell type in the spectrum between Thi and Th2. From a clinical 
point of view, the Thi pattern is associated with delayed-type hypersensitivity reac- 
tions (DTH) such as the tuberculin reaction, while a Th2 pattern is associated with 
increased secretion of IgE and IgE-mediated reactions such as allergic rhinitis. In 
this regard, AEDS has a particular status, since it is clinically a cell-mediated hyper- 
sensitivity reaction, and yet kinetic studies (in the atopy patch test model) have shown 
that the initial phase is characterised by a Th2 pattern, whereas the subsequent 
phase clearly has a Thi profile [56, 91]. 
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Two Types of FcERI + CD1a + Epidermal Dendritic Cells in AEDS. Recent research has led to the 
identification of three different IgE-binding receptors on the surface of human epi- 
dermal Langerhans cells, namely, the high-affinity receptor for IgE (FcsRI), the low- 
affinity receptor for IgE (FceRII), and the IgE-binding protein Galectin-3/eBR 
By the mechanisms of antigen uptake, APC may increase their antigen-presenting 
capacity up to 100-fold in the presence of antigen-specific IgE. Quantitative flow 
cytometric examination has demonstrated a significant up-regulation of FceRI 
molecules on the CDia-expressing epidermal DC isolated from lesional skin in 
AEDS. Beside the Birbeck granule-containing LC, a second CDia-expressing cell 
population lacking this Langerhans cell-specific ultrastructural hallmark was dem- 
onstrated inside the epidermis. This cell type, namely that of the IDEC, has been 
characterised phenotypically in detail, but its ontogenesis and function are still 
under investigation. Recent reports support the hypothesis that IDEC are of mono- 
cytic origin and are recruited into the epidermis following signals of activated cells 
in the atopic skin lesions. It is tempting to speculate that not only eosinophils, but 
also IDEC change the ongoing Th2-like immune response during their invasion of 
the skin into a Thi-dominated immune response [118, 132, 145, 147, 148]. 



The Role of IgE - The Allergic and Mori-Allergic Forms of AEDS 

Most AEDS patients (about 80%) display an elevated serum level of specific IgE and 
significant sensitisation to environmental food or aeroallergens in addition to their 
characteristic skin lesions. Therefore, this classical form of AEDS has been called the 
“extrinsic” form of AEDS. In contrast, approximately 20% of AEDS patients suffer 
from the typical skin lesions without elevated serum IgE levels and lack sensitisation 
to exogenous allergens. This form has been called the “intrinsic”, “non-allergic”, or 
“constitutive” form of AEDS. The debate about the appropriate name is still going on 
[15, 35, 57, 141], as each definition emphasises some aspects but may not cover all 
pathomechanisms or abnormalities of this disease. The criteria of the intrinsic form 
of atopic dermatitis have not been formally proposed, but, according to Wiithrich et 
al., they consist of [117, 149]: 

A clinical phenotype of AEDS, fulfilling the diagnostic criteria of Hanifin and 
Rajka [43] 

Low or moderate total serum IgE levels (<15 oU/L) in combination with negative 
in vitro IgE screening for aeroallergens and food allergens as well as a negative 
prick test for standard aero- and food allergens 

Absence of other atopic diseases such as allergic rhinoconjunctivitis or allergic 
bronchial asthma 



36 





Cellular Mechanisms 



In recent times the concept of a “pure” type of AEDS without any previous or actual 
associated respiratory diseases is distinguished from the “mixed” counterpart asso- 
ciated with sensitisation against aero- or food allergens, implying that elevated IgE 
serum levels or sensitisation can be associated with AEDS but are not an obligate 
parameter for defining the disease. The phenotype of patients with intrinsic atopic 
dermatitis (IAD) is variable and ranges from 16% to 25%, with a higher incidence in 
former East Germany than in former West Germany. A female dominance in this 
kind of AEDS has been observed in several studies, in addition to a later onset of 
IAD, but family histories and disease durations have been found to be about the 
same in both IAD and the extrinsic variety (EAD). Some authors report a predispo- 
sition for the head and neck area in IAD patients along with an increased sensi- 
tisation to fungi (i.e. Pityrosporum ovale). The immunological characteristics of EAD 
and IAD have been studied by different research groups, and the data available at the 
moment are summarised in Table 2.2 [3, 100, 106, 115, 117, 140]. 



Table 2.2. Main characteristics of the extrinsic/allergic and the intrinsic/non-allergic forms of atopic 
eczema/dermatitis syndrome 





IAD 


EAD 


Skin manifestation 


Similar 


Similar 


Onset of eczema 


Early (in childhood) 


Early (in childhood) 


Sex 


Female predominance 


Male predominance 


Frequency 


16-45% of AEDS patients 




Total serum IgE 


<150 kU/l 


>150 kU/l 


Specific IgE 


Negative 


Positive 


Skin prick test 


Negative 


Positive 


Eosinopfiriia 


Mild to moderate 


Mild to moderate 


Eosinophil survival 


Similar 


Similar 


ECP 


Similar 


Similar 


T-cells in peripheral blood 


HLA-DR similar to EAD 


HLA-DR similar to IAD 


Cytokines in peripheral blood 


IL-5 level similar, IL-4 level low 


IL-5 levels similar, IL-4 level 
increased 


B-cell activation 


CD23 -f B-cells tow 


CD23 + B-cells high 


Epidermal dendritic cells 


FceRI/FcyRII ratio <1.5 


FceRt/FcyRil ratio >1.5 


Cytokines derived from lesional 
skin 


iL-5, IL-13 <EAD 


IL-5, IL-13 >IAD 


Stimulated PBMC 


Enhanced IL-13 release 


IL-13 release not enhanced 


Monocytes 


FceRI, FceRII low 


FceRI FceRII high 



ECP easinophil cationic protein, PBMC peripheral blood mononuclear cells, (and see list of abbreviations). 
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The role of allergens and IgE-mediated reactions in AEDS remains controversial. 
There is evidence for the hypothesis that the presence of allergen-specific IgE direc- 
ted against inhalants or food allergens contributes to provoking flare-ups or exacer- 
bations of the disease in AEDS patients, but the main mechanisms leading to the 
state of disease are independent of elevated specific IgE levels and sensitisations to 
exogenous stimuli. The observation that the avoidance of house-dust mite allergen 
exposure in sensitised individuals could lead to the prevention of an exacerbation of 
the disease activity fits into this concept. Additionally, the rate of sensitisation of 
food and aeroallergens is significantly higher in children with severe AEDS than in 
those with mild or moderate forms, and even sensitisations to fungal allergens can 
correlate with the disease activity. In consequence, it might be that the immunologi- 
cal phenomena leading to the “pure” form of AEDS, namely IAD, represent the basic 
pathophysiological scenario leading to the clinical characteristics and phenotype of 
atopic eczema. This form could be supplemented and triggered by sensitisation 
against environmental factors throughout life. The recent observations of an Italian 
research group might fit into this concept [too], for they showed that skin-prick-test 
negative children with AEDS develop positive skin-prick tests against the same al- 
lergens over a 10-year period. Additionally, the fact that AEDS develops very early in 
life whereas allergen-specific antibodies appear later in infancy, supports the hy- 
pothesis of a rather secondary role of allergen-specific IgE for the development of 
atopic eczema. 



The Atopy Patch Test as a New Diagnostic Tool 

The successful application of aeroallergens such as cat dander in the atopy patch 
test (APT) shows that it is possible to elicit eczematous skin lesions solely by exter- 
nal application of aeroallergens to the skin [71, 95, 110]. This form of test is assumed 
to evaluate the clinical relevance of IgE-mediated sensitisation in AEDS patients. 
Patients with positive APT reactions have a higher number of IgE-bearing CDia + DC 
in the epidermis and dermis than patients with negative APT reactions [55, 70]. The 
intermittent or continuous flow of aeroallergens and autoantigens into the process 
of facilitated antigen presentation may define the pathophysiological basis of the re- 
current or self-perpetuating course of AEDS frequently seen in untreated patients. 
This mechanism supports the hypothesis of AEDS as an IgE-mediated, DTH reaction 
in which APC serve as the link between aeroallergens penetrating the reduced epi- 
dermal skin barrier and antigen-specific immunological and cellular mechanisms 
induced by this event [28, 133, 142]. Interestingly, there are some reports that positive 
APT reactions have also been found in patients with IAD. The development of a 
standardised APT will help in investigating its relevance in the future. 
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Conclusion and Future Perspectives 

AEDS is a common skin disease which has been known from antiquity. Its increas- 
ing incidence in recent years has focused the public interest on this disease with 
regard to its socioeconomic relevance. Despite intensive research and significant 
progress in the fields of immunodermatology, epidemiology and genetic research, 
a unifying pathogenetic concept of AEDS has not yet been established. The complex 
pathophysiology of this disease is far from being completely unravelled. Interactions 
between genetic and environmental mechanisms have been investigated, as well as 
a complicated network of cytokines and chemokines that orchestrates the develop- 
ment of the disease-related mechanisms. APC, such as Langerhans cells and epider- 
mal DC, bearing IgE-binding structures on their cell surfaces, have been the subject 
of research work in recent years in order to shed light on the underlying mecha- 
nisms of allergic skin reactions. Since the delineation of the extrinsic/allergic and 
the intrinsic/non-allergic forms of AEDS, a new definition of “atopy” seemed to be 
required; an intensive discussion has ensued around this widely used term. Further 
fresh approaches in clinically- orientated research will be needed in order to com- 
plete our understanding of this condition and to develop effective therapeutic strat- 
egies and prevention mechanisms for this ever- challenging disease. 
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Detecting, Diagnosing and Grading 
Atopic Dermatitis 

J.M. Hanifin 



Introduction 

Prior to 1977 there were no standardised defining details for atopic dermatitis. There 
were clinical descriptions, but research studies generally did not utilise uniform, 
specific criteria. Few studies included methodological details of patient recruitment 
and disease description. Clinicians, authors, and lecturers in different locales and 
specialties used various terms such as “eczema”, “neurodermatitis”, “prurigo Bes- 
nier”, “allergic eczema”, “atopic eczema” and “asthma eczema”. This lack of defini- 
tion retarded systematic research investigation and even now casts concern on the 
studies that were performed prior to 1980. This review provides a historical overview 
and assesses the need for revised approaches to defining atopic dermatitis. 



Criteria for Research Populations 

In 1977, building on Rajka’s diagnostic outline [33], we proposed a systematic method 
for ensuring uniform patient populations in clinical studies (see Clinical Criteria 1) 
[14]. The system was presented at the first International Symposium on Atopic Der- 
matitis in 1979. This presentation generated considerable discussion and suggestions 
for additional descriptors, all of which were incorporated and published in 1980 (see 
Clinical Criteria 2) [16]. These diagnostic criteria quickly came into wide use as a 
method for specifying the make-up of study populations. In most instances, the sys- 
tem relied primarily on assuring the presence of the major features; small adjust- 
ments were sometimes made when studies were limited to specific groups such as 
infants [40]. 

In response to the publication of the criteria, further modifications were pro- 
posed to accommodate different perceptions in China [22] and Japan [21]. Addi- 
tionally, multiple publications have discussed and critiqued many of the original 
features, especially those under minor criteria [10, 24, 28, 35, 36, 47]. Some of these 
clinical features, such as anterior subcapsular cataracts and keratoconus, occur infre- 
quently and represent mainly a side issue of associated features rather than impor- 
tant requirements for diagnostic precision [39]. Nipple eczema and upper lip cheilitis 
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are relatively specific, helpful, and suggestive clues for detecting subtle, incompletely 
diagnosed atopic dermatitis but uncommon enough to best reside as footnotes 
for clinical descriptions rather than as criteria. Features such as xerosis, ichthyosis, 
and keratosis pilaris are non-specific and hard to define but important associated 
aspects. The Dennie-Morgan fold, hyperlinear palms, and anterior neck folds are non- 
specific, ill-defined, and of little value in forming a diagnosis [35]. A simpler 
approach is clearly needed but difficult to achieve with the present dependence 
on gross morphological features. 



Clinical Criteria 1: Diagnostic criteria for atopic dermatitis [14] 

Must have each of the following features: 

■ Pruritus 

■ Typical morphology and distribution: 

Flexural lichenification in adults 

Facial and extensor involvement in infancy 

■ Tendency towards chronic or chronically relapsing dermatitis 

Plus two or more of the following features: 

■ Personal or family history of atopic disease (asthma, allergic rhinitis, 
atopic dermatitis) 

■ Immediate skin test reactivity 

■ White dermographism and/or delayed blanch to cholinergic agents 

■ Anterior subcapsular cataracts 

Or four or more of the following features: 

■ Xerosis/ichthyosis/hyperlinear palms 

■ Pityriasis alba 

■ Keratosis pilaris 

■ Facial pallor/infraorbital darkening 

■ Dennie-Morgan infraorbital fold 

■ Elevated serum IgE 

■ Keratoconus 

■ Tendency towards non-specific hand dermatitis 

■ Tendency towards repeated cutaneous infections 



A specific and constant laboratory indicator is the obvious solution to this quandary, 
but it remains elusive. A genetic marker would be ideal, though with a multifactorial 
disease such as atopic dermatitis it might be a vain wish. A number of possibly 
linked polymorphisms have been suggested, but crossover with asthma and psoria- 
sis populations raises concerns about specificity [8]. One potentially fruitful area for 
investigation relates to cyclic AMP-phosphodiesterase (PDE), which has been shown 
to be abnormal across the full spectrum of patients with atopic dermatitis and atopy 



48 



Criteria for Research Populations 



Clinical Criteria 2: Guidelines for the diagnosis of atopic dermatitis [16] 

Must have three or more basic features; 

» Pruritus 

■ Typical morphology and distribution: 

Flexural lichenification or linearity in adults 

Facial and extensor involvement in infants and children 

■ Chronic or chronically relapsing dermatitis 

■ Personal or family history of atopy (asthma allergic rhinitis, atopic derma- 
titis) 

Plus three or more minor features: 

■ Xerosis 

■ Ichthyosis/palmar hyperlinearity/keratosis pilaris 

■ Immediate {type I) skin test reactivity 

■ Elevated serum IgE 

■ Early age of onset 

■ Tendency towards cutaneous infections (esp. S. aureus and Herpes simplex)/ 
impaired cell-mediated immunity 

■ Tendency towards non-specific hand or foot dermatitis 

■ Nipple eczema 

■ Cheilitis 

■ Recurrent conjunctivitis 

■ Dennie-Morgan infraorbital folds 

■ Kerato conus 

■ Anterior subcap sular cataracts 

■ Orbital darkening 

■ Facial pallor/facial erythema 

■ Pityriasis alba 

■ Anterior neck fold 

■ Itch when sweating 

■ Intolerance to wool and lipid solvents 

■ Perifollicular accentuation 

■ Food intolerance 

■ Course influenced by environmental/emotional factors 

■ White dermographism/delayed blanch 



[5]. This abnormality is present in cord blood of atopic infants and underlies many 
pathophysiological characteristics leading to the immune and inflammatory hyper- 
reactivity of atopy. We have suggested that this represents a broad-based genetic in- 
fluence, and if a gene were identified for the atopic PDE isoform, it would perhaps 
provide a useful general screening tool upon which the multiple narrow-based char- 
acteristics could be further defined [15, 17]. 
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To date, there are no useful laboratory or in vivo tests for atopic dermatitis. 
Serum IgE levels were studied extensively in the early years, but other than showing 
a general trend for higher levels in more severe atopic dermatitis, the test was too 
nonspecific for diagnostic use [14]. Radioallergosorbent tests (RAST) and immedi- 
ate skin tests likewise are helpful indicators of general atopy but not of much help for 
atopic dermatitis. Recently, considerable attention has focused upon that subgroup 
of atopic dermatitis patients, estimated at about 20%, who have normal total serum 
IgE levels, negative RAST and skin test reactivity, and absence of other atopic symp- 
toms [14, 29, 33, 52]. This condition has been called “pure” atopic dermatitis, “non- 
allergic” atopic dermatitis, and “intrinsic” atopic dermatitis. It is perhaps a useful 
clinical subdesignation, but “intrinsic” may be misleading. It implies an absence 
of environmental triggers, yet all patients experience flares in response to infections 
and irritants. Also, many who are labelled “intrinsic” at a young age will eventually 
develop IgE-and T-cell-mediated responses to allergens. Conversely, use of the term 
“extrinsic” suggests that patients have no intrinsic abnormalities, but we know that 
all have PDE defects and flares with psychogenic stress. These extrinsic/intrinsic 
designations represent only minority outlier populations, while the vast majority 
of patients lie along a mixed continuum. Use of such terms adds considerable un- 
certainty to already imprecise diagnostic criteria. 

A recent paper suggested that “intrinsic” patients be excluded, and that only 
patients with allergen-specific IgE be considered to have atopic dermatitis [4]. How- 
ever, considering the questionable role of IgE in the pathogenesis of eczematous 
lesions, a group might be excluded that is as genetically homogeneous as it is clini- 
cally typical. Making allergen-specific IgE a mandatory criterion for atopic derma- 
titis is premature until such classification can be shown to have immunopathological 
importance or to confer a therapeutic advantage. In order for future genetic studies 
to be sound, these phenotypic differences should be highlighted and considered, but 
excluding some subgroups based on unproven assumptions is inefficient and could 
produce misleading results. 



Screening Tools for Atopic Dermatitis 

The focus on epidemiology in the past 20 years created a demand for effective, effi- 
cient screening tools to detect atopic dermatitis [45, 46]. The more recent emphasis 
on genetic studies has added to this need. In the past year, concerns about biologi- 
cal warfare and smallpox have added another imperative - that of pre-vaccination 
screening to reduce the risk of eczema vaccinatum in patients and contacts with 
atopic dermatitis. Screening can be accomplished by questionnaire or physical ex- 
amination, or by a combination of both. 
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Screening with Questionnaires 

Screening of large populations demands methods by which atopic dermatitis can 
be quickly and efficiently detected across the whole spectrum of severity, especially 
in its mildest form or during remissions. Schultz Larsen recognised this at an early 
stage and devised a questionnaire with a weighted scoring system to screen for 
atopic dermatitis [37]. This instrument utilised major criteria along with other 
features shown to be discriminating in studies by Diepgen [9] and Svensson [41] 
and assigned scores depending on the discriminatory power of each question [38] 
(Table 3.1). This system was validated in dermatology clinic patients with atopic 
dermatitis or in control patients with other skin diseases and no atopic dermatitis. 
Setting a threshold of 50+ points provided reasonable sensitivity (88%) and speci- 
ficity (89%). In 1992, the questionnaire was used in a large survey of schoolchildren 
in Denmark, Germany and Sweden. It showed a lifetime prevalence in 7-year-old 
children of 15.6% [38]. 

We later used the same questionnaire to survey parents of 5- to 9-year-old chil- 
dren in Oregon in the United States [25]. We found a prevalence of 17.2% with the 
50-point threshold. Using a more stringent 8o-point threshold, the prevalence was 
6.8%, with 89% sensitivity and 96% specificity in a clinical validation study. We 
also added some pilot questions, not included in the score. It proved useful to back- 
examine individual questions, showing high reliability for the question, “Has your 
doctor ever diagnosed eczema in your child?” (91% predictive accuracy). We found 
a similar reliability for questions about doctor-diagnosed eczema in a more recent 
survey of all age groups across the United States [19]. 

Specifically focused and well-validated questions with high sensitivity may prove 
useful in future pre-vaccination and other screenings. These instruments must 
utilise simple, widely used words and descriptors that are easily understood by pa- 
tients, parents and relatives, as well as by lay and medical assistance people who may 
be assigned as screening personnel with very little training. In their simplest distil- 
lation, the diagnostic criteria might be translated to the following questions for 
screening: 

Has a doctor ever diagnosed eczema in you/your children? 

Have you/your child(ren) had itchy rashes that lasted more than 2 weeks? 

Have you/your child(ren) ever had itchy rashes in the folds of the arms and legs? 

Has a doctor ever diagnosed asthma or hay fever in you/your children? 

There is no doubt that questionnaire screening has many weaknesses that are in- 
fluenced by educational factors, along with a host of linguistic, ethnic, cultural and 
family attitudes, all of which affect comprehension and response rates. Specificity 
and sensitivity vary greatly. However, all of these weaknesses may be balanced by 
(a) the fact that atopic dermatitis is a remitting disease and that lifetime or period 
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Table 3.1. Schultz Larsen questionnaire (modified from [25]) 
Did your child ever have itchy rashes (infantile eczema)? 

■ In the elbow or knee folds 
m On the wrists or ankles 

■ On the face or neck 

m On the hands, arms or legs 



Yes (pts) No Don't know 



(15) 

(15) 

(5) 

(5) 



If you answered 11 Yes" to any of the above, how many times did your child have an Itchy rash? 

□ Only once (If you check "Only once", please go to Question 3) 
o 2-3 times 

□ 4 or more times 

If your child has had more than one itchy rash, at what age did the itchy rashes first appear? 
(Check the closest age) 

<2 yr - 20 pts □ 0-12 mo □ 4 yr □ 8 yr 

2-5 yr = 10 pts □ 1 yr □ 5 yr □ 9 yr 

>5 yr — 5 pts □ 2 yr o 6 yr □ 10 yr 



Does your child still get itchy rashes? 

□ Yes 

□ No 

If your child's itchy rashes have stopped, at what age was the last Time he/she had a rash? 
(Check the closest age) 



< 1 k yr = 0 pts* 


□ 0-12 mo 


□ 


4 yr 


□ 


8 yr 


Vi-2 yr - 5 pts* 


□ 1 yr 


□ 


Syr 


□ 


9 yr 


3-5 yr = 10 pts* 


[□ 2 yr 


P 


6 yr 


O 


10 yr 


>5 yr = 20 pts* 


[□ 3~yr~ 


O 


7 yr 






Did your child have any of the following? 


Yes (pts) 




No 


Don't know 


* Unusually dry skin 


(S) 










■ Irritation of the skin from textiles (wool) 


(5) 










■ Itching of the skin when sweating 


(5) 










■ Seasonal variation in severity 


(5) 










■ Worsening by psychological tension or stress 


(5) 











(e.g. 1 year) prevalence may be more representative of the true epidemiological pic- 
ture than spot examinations, and (b) the need for rapid and efficient assessments 
when large populations must be evaluated in a short period of time without the 
aid of trained dermatologists. 



□ 3 yr □ 7 yr 
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Table 3.1. continued 





Yes (pts) 


No Don't know 


Has a doctor ever said your child has eczema? 






Has your child had any wheezing or whistling in the 
chest in the past 12 month? 


(10} 




m Has a doctor ever said that your child has asthma? 


(10) 


■ How old was your child when the doctor said he/she 
had asthma? years old 




Has your child had hay fever (sneezing, itchy or runny 
nose from pollen or pets?) 


(10) 


Do you, your husband, or the child's brothers or sisters 
have or have you had one of the following? 




■ Eczema 


(10) 




■ Asthma 


(10) 




■ Hay fever (allergic nasal condition) 


(10) 




Has your child ever used cortisone creams (such as 
Cortaid, Cortisone 10, or prescription cortisone) for 
longer than a month? 



* These points are derived from calculating age at which rashes stopped or current age minus age at first appear- 
ance. Note: The scoring key is not a visible part of questionnaires presented to students. 



Clinical Examination 

Few would dispute the fact that for precise diagnosis of atopic dermatitis, direct 
clinical assessment is ideal. Usually this must be combined with historical assess- 
ment as well, because atopic dermatitis is a frequently remitting disease, especially 
in its milder form. In a small pilot population of schoolchildren examined prior to 
our questionnaire study [25], 20% of those with scores of more than 80 had insuffi- 
cient cutaneous evidence to diagnose atopic dermatitis during a period of warm 
spring weather. These children clearly had the disease but it was in eclipse, and di- 
agnosis could be made only by history or by repetitive examinations. 

Williams et al. developed and validated a simplified system of criteria for epi- 
demiological studies using a combination of clinical and historical features derived 
mainly from major standard criteria [48, 51]. Because development was keyed on the 
more severe, hospital-based populations, sensitivity tends to be low in community 
screenings, ranging from 43% to 80%, [27, 31], suggesting that a pre-screening ques- 
tionnaire similar to Schultz Larsen’s might greatly improve the reliability of this sys- 
tem. Most studies have shown good specificity for the screening criteria [11], but 
there remains a concern that emphasis on dry skin might, especially in winter 
months, erroneously include patients with ichthyosis and/or keratosis pilaris. These 
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common conditions are often misdiagnosed in atopic patients, especially by primary 
care physicians but also by dermatologists, as atopic dermatitis. Optimal validations 
would have to include control groups representing all the diseases most commonly 
mistaken for atopic dermatitis, including scabies, allergic contact dermatitis, seb- 
orrhoeic dermatitis, cutaneous lymphoma, ichthyoses, psoriasis, HIV/AIDS acroder- 
matitis enteropathica and other nutritional deficiencies. 



Clinical Criteria 3: Diagnosis of atopic dermatitis according to Williams [48} 
(for use in studies of children over the age of 2 years) 

Must have: 

m An itchy skin condition (or parental report of scratching or rubbing in a 
child) 

Plus three or more of the following five items: 

■ History of involvement of the skin creases such as folds of elbows, behind 
the knees, fronts of ankles or around the neck (including cheeks in chil- 
dren under 10 years of age) 

■ A personal history of asthma or hay fever (or history of atopic disease in 
a first-degree relative of children under 4 years of age) 

■ A history of generally dry skin in the past year 

■ Visible flexural oedema (or eczema involving the cheeks/forehead and 
outer parts of limbs in children under 4 years of age) 

■ Onset under the age of 2 (not used if child is under 4 years of age) 



Seeking Optimal Diagnostic Criteria 

The many discussions and publications over the years since publication of the first 
diagnostic criteria have provided for a valuable evolution in ideas as to what might 
compose an ideal criteria set. Clearly, it would need to be much more concise and 
easy to use. It should be understandable and compatible with the full spectrum of eth- 
nic groups and cultural perceptions. Importantly, it should encompass all age groups, 
and this has been a problem since the beginning of efforts to systematise diagnosis. 
Atopic dermatitis is especially difficult to detect and to confirm in infants [13]. 

This difficulty was addressed at an American Academy of Dermatology (AAD) 
Consensus Conference on Pediatric Atopic Dermatitis in early 2001. During this 
meeting, a subgroup of interested, experienced dermatologists and allergists devel- 
oped a new, comprehensive but simplified set of criteria which is hoped will satisfy 
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the current needs (see Clinical Criteria 4). These diagnostic guidelines allow inclusion 
of all levels of severity, yet exclude conditions that lack basic features of atopic der- 
matitis. The most contentious aspect of this new system centres on inclusion/exclu- 
sion of atopy/IgE reactivity as a requirement for diagnosis. Atopy itself is poorly 
defined; it is often impossible to determine in infants and children, and it clearly is 
not detectably present in many patients with definite atopic dermatitis. It is an im- 
portant associated feature but not definitive. As noted above [15, 17], we have sug- 
gested that atopy is best regarded as a symptom complex characterised by cutaneous 
and respiratory hyperreactivity due to cyclic nucleotide dysregulation. IgE reactiv- 
ity may simply be an epiphenomenon, of extreme importance in food allergy and 
allergic respiratory disease but of limited clinical relevance to atopic dermatitis. 



Clinical Criteria 41 A fop it dermatitis complex (prepared by a committee 
of the AAD Consensus Conference on Pediatric Atopic Dermatitis) 

Essentia! features 

■ Eczematous changes 

Typical and age-specific patterns 
Chronic or relapsing course 

These features must be present and, if complete, are sufficient for diagnosis. 

Important features - seen in most cases 

■ Early age of onset 

■ Atopy (IgE reactivity) 

■ Xerosis 

These features, seen in most cases, add support to the diagnosis. 

Associated features (clinical associations) 
m Keratosis pilaris/ichthyosis/palmar hyperlinearity 

■ Atypical vascular responses 

■ Perifollicular accent uation/Iichenificat ion/prurigo 

■ Ocular/periorbital changes 

■ Perioral/periauricular lesions 

These features help in suggesting the diagnosis of AD but are too non-specific 
to be used for defining or detecting AD for research and epidemiological studies . 

Exclusions: 

It should be noted that firm diagnosis of AD depends upon excluding condi- 
tions such as scabies, allergic contact dermatitis, seborrhoeic dermatitis , cu- 
taneous lymphoma, ichthyoses, psoriasis and other primary disease entities , 
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3 Detecting, Diagnosing and Grading Atopic Dermatitis 



Quantitating Eczematous Disease 

Research studies in atopic dermatitis generally include a method for estimating the 
severity of disease in subjects being assessed. Interventional studies require repe- 
titive determinations that are reasonably reproducible on different days and by 
multiple study centres. The flourishing of new therapeutic measures in recent years, 
combined with the trend to evidence-based assessments, has created demands for 
improved methods of quantitation. These demands have brought involvement of 
not only clinicians but statisticians, regulatory agencies, psychologists, and bio- 
engineers. 

An extensive list of parameters must be considered, depending on the study objec- 
tives: 

Basal or historical severity - Rajka/Langeland [34] 

Scoring of inflammation - target site or total body 
Primary features 
Secondary features 

Quantitating body surface area involved 

Assessing subjective associations -itch, sleep disturbance 

Quality-of-life assessments - direct or via parents 

Global score -patient’s or physician’s estimate of current disease status 

A profusion of assessment instruments has resulted from these demands in recent 
years. The Rajka/Langeland scoring system is one of the few that has been widely 
accepted because it provides a simple, easily elicited estimate of each patient’s dis- 
ease background and global severity at the baseline of a study [34]. There is also 
general agreement on a system for objectively estimating primary inflammatory 
parameters, i.e. erythema, oedema (including papulation and induration), and exco- 
riation (the objective reflection of pruritus), on a scale of 0-3 (mild, moderate, and 
severe) when it can be applied to a specific site [12]. 

A wide range of diverse opinions occurs when we attempt to grade widespread 
eczematous disease because of the need to factor in area of involvement along with 
primary and secondary inflammatory features, and sometimes even the subjective 
parameters of pruritus and sleep loss. One of the earliest instruments established 
to provide this comprehensive assessment was Severity Scoring of Atopic Dermati- 
tis (SCORAD), and it has been used extensively and validated against photographs 
[7]. 

SCORAD was presented as a Consensus Report of the European Task Force on 
Atopic Dermatitis. Consensus definitions were developed for extent of disease, inten- 
sity of involvement and severity of symptoms. A set of clinical slides was used to 
assess within- and between-observer variability using a panel of ten physicians, and 
then the entire scoring system in two variations was initially tested on 88 patients in 
five medical centres, leading to a standardised and accepted scoring system. 
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SCORAD is derived in the following way: 

Extent (A): The rule of nines is used to determine the percentage of body surface 
involved. The score can range from o to 100. 

Intensity (B): Six items are calculated; scores may range from o to 18 

Erythema 

Oedema/papulation 

Oozing/crusting 

Excoriation 

Lichenification 

Dryness (assessed on non-involved areas) 

For each item, the intensity is rated from o to 3: 

0 = absent 

1 = mild 

2 = moderate 

3 = severe 

Subjective symptoms (C): Both sleep loss and pruritus are scored on a scale of 
0-10, giving a range of 0-20. 

The following formula is used to produce the SCORAD: 

SCORAD = A/5 + 7B/2 + C 

This weighting system leads to a contribution of about 60% for the intensity, and 
20% each for the extent and the subjective symptoms. 

SCORAD has been evaluated in many different ways. In one of the most extensive 
studies, over 800 children were assessed using SCORAD during the ETAC (Early 
Treatment of the Atopic Trial) study. Three members of the task force which de- 
veloped SCORAD trained 98 non-expert evaluators, primarily paediatricians, at 
56 centres in Europe and Canada. A training atlas of photographs was compiled 
and used for the training sessions. While dermatologically trained investigators did 
somewhat better than their non-dermatologist colleagues, especially in assessing 
erythema, the overall performance of non-dermatologists was well within the range 
of the experts, confirming the utility of SCORAD [30]. The SCORAD system does 
suffer somewhat from being a bit ponderous and from mixing objective with sub- 
jective parameters. The rule of nines is inherently tedious, when done right, and does 
not lend itself well to a busy clinical setting. The subjective parameters are probably 
better separated from the objective evaluation, and the sleep-loss aspect is probably 
skewed somewhat to a paediatric population. 

Seeking a simpler system that could be used more efficiently in a busy clinical 
evaluation setting, we developed the Eczema Area and Severity Index (EASI) scoring 
system, focusing just on the primary inflammatory parameters [20]. Estimation of 
disease extent was distilled down to only four natural body areas : head and neck, 
upper extremities, lower extremities, and trunk. A calculation adjustment corrected 
for the different body proportions between children and adults. 
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The EASI score is derived in the following way: 

In each of the body areas, the following key signs are assessed: 

Erythema (E) 

Induration/papulation (I) 

Excoriation (Ex) 

Lichenification (L) 

In each body area, each of these features is scored from o to 3; half scores are al- 
lowed. 

0 = None 

1 = Mild 

2 = Moderate 

3 = Severe 

Furthermore, in each body region the area of involvement is determined using the 
following scale: 

0 = No eruption 

1 = <10% 

2 = 10%-29% 

3 = 30%-49% 

4 = 50%-69% 

5 = 70%-89% 

6 = 90%-ioo% 

All this information is converted into an EASI score using Table 3.2. 

The same system can be modified to include other parameters such as pruri- 
tus and secondary inflammatory lesions such as lichenification, erosions, crusting, 
and xerosis/scaling. In the modified EASI (mEASI) [3], patient assessment of pru- 
ritus is included in the total score. Through the extensive use of EASI in recent trials 
of topical immunomodulators, the system has been extensively validated against 
multiple parameters such as investigator global assessment, pruritus, total clinical 
scores and body surface area involved [18, 23]. 

Many other systems have been developed to measure disease severity and then 
assess outcome of interventions in atopic dermatitis. This proliferation has made 
the interpretation of individual studies difficult, as the evidence for validity, reli- 
ability, sensitivity to change and ease of use is highly variable. In addition to Rajka/ 
Langeland, SCORAD and EASI, ten other systems have been presented and 
analysed to varying degrees [6]. The two other systems most often used are the 
SASSAD (Six Area, Six Sign Atopic Dermatitis Severity Index) [2] and ADASI 
(Atopic Dermatitis Area and Severity Index) [1]. 

Another potential assessment realm is that utilising instruments that quantitate 
various physical factors from the skin surface. Technical instrumentation has 
been a “holy grail” in the field of disease quantitation from the beginning. The 
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Table 3.2. The Eczema Area and Severity Index (EASI) Score 



Children (>7 years) and adults 




Body region 


EASI Score 


Head/neck 


(E + 1 + Ex + L}* x Area x 0.1 


Upper extremities 


(E 4 1 + Ex + L) x Area x 0.2 


Trunk 


(E + J + Ex + L) x Area x 03 


Lower extremities 


[E + I + Ex + L) x Area x 0.4 


EASI 


Sum of above scores 


Children (0-7 years) 




Body region 


EASI Score 


Head/neck 


(E + 1 + Ex + L} x Area x 02 


Upper extremities 


(E + 1 + Ex + L) x Area x 02 


Trunk 


(E + 1 + Ex + L) x Area x 03 


Lower extremities 


(E + 1 + Ex + L) x Area x 03 


EASI 


Sum of above scores 



* E erythma; I induration; Ex excoriation; L lichenification. 



most obvious and widely used technique is photography, but for atopic dermatitis 
it has been disappointing and generally of little use for scientific assessment, pri- 
marily because skin erythema is so evanescent, often changing within minutes 
during the clinical evaluation of the patient. Other quantification devices include 
reflectometry to measure erythema, impedance/conductance measures of skin 
hydration [26, 42], corneometry for dryness [43], sonography to measure depth of 
inflammation [32] and transepidermal water loss [44], a measure of the stratum 
corneum intactness. Only the latter has so far shown validity and has provided 
some support for objective quantitation of what is perceived as dryness, a second- 
ary feature of atopic dermatitis that follows inflammation. Reliable instrumenta- 
tion is badly needed to provide better, more objective estimates of inflammation in 
all the inflammatory skin diseases. 
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Current Treatment of Atopic Dermatitis 

J.D.Bos 

Topical 



Introduction 

Atopic dermatitis (AD) is an itching skin disease with a relapsing course. It is a clini- 
cal manifestation of the atopic syndrome, which is also known as atopy. The ge- 
netics of atopy are complex, as it is a multigenic disorder. Patients with atopy may 
have atopic dermatitis (eczema), allergic (extrinsic) asthma, allergic rhinitis (“hay 
fever”), allergic conjunctivitis, and gastrointestinal allergy in any sequential order 
or combination. In fact, a person may have atopy but none of these clinical mani- 
festations. Associated skin disorders include asteatosis (dry skin) and dyshidrotic 
eczema, easy development of irritant contact dermatitis, as well as a variety of other 
symptoms and signs. 

Although there is no consensus, many believe that atopy is essentially a syn- 
drome in which patients have a tendency to produce IgE antibodies against a limited 
subset of the reservoir of billions of environmental antigenic epitopes. This antigen 
subset, also known as atopens or atopic allergens, contains a selection of predomi- 
nantly inhalant and food allergens. IgE production is localised in the lymphoid 
tissues, and atopen-specific IgE antibodies are disseminated from there into the 
circulation. Subsequently, through binding by IgE-receptors (FceRs) on mast cells 
and dendritic cells, IgEs show a preferential distribution over the major tissues in- 
volved in atopy. These are the respiratory and gastrointestinal tracts and the skin. 

It is now accepted that IgE production is the result of skewing of unprimed T cells 
(Tho) towards Th2, which have a cytokine pattern that induces resting unprimed 
B cells to shift from IgM-expression to IgE-production [4, 14]. The newest findings 
indicate that this Th2 surplus itself is regulated by type 2 dendritic cells (DC2s). The 
present hypothesis is that the genetically determined microenvironment of epithe- 
lia in atopy leads to preferential DC2 differentiation [12]. These DC2S, challenged by 
environmental epitopes, travel from epithelia to lymph nodes and arrive in the lym- 
phoid tissues, leading to preferential skewing of Th2 surplus. 
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4 Current Treatment of Atopic Dermatitis 



The millennium criteria far the diagnosis of atopic dermatitis (from [5]) 

Mandatory criterium 

■ Presence of allergen-specific IgE: 

Historical, actual, or expected (in very young children) 

In peripheral blood (RAST, ELISA) or in skin (intracutaneous challenge) 

Principal criteria (two of three present) 

■ Typical distribution and morphology of eczema lesions: infant, childhood, 
or adult type: 

If distribution is not typical, exclude other entity (dyshidrotic eczema, 
contact dermatitis, contact urticaria) 

■ Pruritus 

■ Chronic or chronically relapsing course 

Minor criteria (revised from Hanifin and Rajka’s original criteria) 

■ Related to (subdinical) eczema: 

1. Cheilitis 

2 . Nipple eczema 

3. Pityriasis alba 

4. Facial pallor/erythema 

5. Orbital darkening 

6. Cradle cap 

7* Tendency towards non-specific hand or foot dermatitis 
8. Auricular rhagades 

■ Related to dry skin: 

1. Xerosis 

2. Ichthyosis 

3. Palmar hyperlinearity 

4. Keratosis pilaris 

5 . Peri fo 11 ic ula r a ccent uat i 0 n 

6. Perleche 

7. Itch when sweating 

8. Intolerance to wool and lipid solvents 

■ Extra skin folds: 

1, Dennie-Morgan infraorbital fold 

2, Anterior neck folds 

■ Ophthalmological pathology: 

1. Photophobia 

2. Anterior sub capsular cataracts 

3. Hertoghe sign 
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Atopic Dermatitis; A Common Disease with a Serious Impact on the Quality of Life 



Diagnosis of Atopic Dermatitis: Knowing Whether It is Atopy 
(Atopic Dermatitis) or Not (Atopiform Dermatitis) Is Essential 
for Its Management 

Different sets of clinical criteria have been developed for the definition of AD. The 
most widely used are those of Hanifin and Rajka [9]. Other sets of clinical criteria, 
developed primarily for large epidemiological studies, are, for example, those of the 
UK Working Group [26] and those of the Japanese Dermatological Association [11]. 

Recently, the millennium criteria for the diagnosis of AD were defined [5] (see 
above). In them, emphasis is given to the presence of allergen-specific IgE in the 
patient. As long as a genetic definition is not available for making a definite diagno- 
sis of AD, an immunological approach seems to be appropriate. This is underlined by 
the present knowledge of the genes possibly related to atopy, most of which are sus- 
pected to have a role in immune deviation. 

When atopic allergen-specific IgE is present, the patient is truly atopic and thus 
has, in all likelihood, atopic dermatitis. For patients in whom allergen-specific IgE is 
verified, recommendation of allergen avoidance (see below) makes sense. When 
allergen-specific IgE cannot be detected, a diagnosis of intrinsic atopic dermatitis is 
sometimes applied, but we prefer to designate such patients as having atopiform 
dermatitis [3]. They have no atopy and, as a consequence, allergen avoidance does 
not make sense. In the management of patients, the financial and emotional conse- 
quences of allergen elimination can be substantial and if they have no firm basis 
they may even lead to legal consequences for the physician. 



Atopic Dermatitis: A Common Disease 
with a Serious Impact on the Quality of Life 

Atopic dermatitis is one of the most common skin diseases, with a lifetime pre- 
valence of about i5%-20%. Its incidence is increasing in Western countries [15, 25]. 
Between 10% and 15% of the world’s children are thought to be affected [16, 27]. 
Atopic dermatitis is primarily a disease of children, with infant and juvenile clinical 
forms, where lesions usually start in the face, later to be accompanied by the typical 
flexural distribution pattern. In adults, the face, neck and upper thorax regions are 
often involved, with marked lesions on wrists and ankles as well. 



Atopic dermatitis is one 
of the most common skin 
diseases, with a lifetime 
prevalence of about 
1 5 %— 20 % 
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Atopk dermatitis usually 
has a profound negative 
impacton patients of all 
ages, as well as on persons 
in their environment such 
as parents 



In most cases, the disease is mild and limited in time, and children usually tend 
to grow out of it. This is as yet unexplained, as is the incidental occurrence of pro- 
tracted and often severe atopic dermatitis into adulthood. Atopic dermatitis rarely 
extends past the age of 30 years, but when it does, it is often severe and chronic. Un- 
favourable prognostic factors are persistent dry and itchy skin, widespread derma- 
titis, associated allergic rhinitis and/or asthma, family history of atopic dermatitis, 
early age of onset, and female sex. 

Atopic dermatitis usually has a profound negative impact on patients of all ages, 
as well as on persons in their environment, such as parents [6, 18]. Disruption of fam- 
ily and social relationships are related to limited participation in sports, education, 
and play. As a result, there is social, emotional and/or environmental deprivation. In 
parents, sleep interruption, time missed from work and financial costs, together with 
the emotional burden of caring for a child with atopic dermatitis, lead to stress. That 
in itself may have a negative impact on the course of the disease in the child. 



Genetics of Atopy and its Role in the Management 
of Atopk Dermatitis 

In the future, when more precise knowledge of the multigenic background of atopy 
and atopic dermatitis has surfaced, it is likely that genetic criteria will replace both 
the millennium (primary immunological) and clinical (primary epidemiological) 
criteria for the diagnosis. The most consistent finding to date with respect to the ge- 
netics of atopy and atopic dermatitis is an association with a gene region on 5q3i, 
where many genes related to Th2-type cytokines are localised [7]. 

The genetic background of atopy does not fit with the increasing prevalence 
over the past decades. So-called gene pools in a population do not change so fast. 
One explanation for this discordance is known as the “hygiene hypothesis”. We now 
understand that newborns come into the world with a Th2-skewed make-up. It is 
hypothesised that Thi-driving forces from the environment polarise these Th2 cells 
towards Thi. When these forces are diminished, such as by increased hygiene, the 
inborn Th2 preference remains, opening the way to the development of atopy in 
individuals that are genetically prone to it [10]. 

At this point in time, this knowledge has no direct implication for the manage- 
ment of AD. There are investigations that are directed at developing methods to 
counteract this Th2 surplus in young children, thereby preventing the development 
of clinical manifestations of atopy, including atopic dermatitis. One example is by 
feeding newborns with probiotics [13], non-pathogenic microbial agents that have 
an effect on Tho differentiation. Another example is the use of extracts from myco- 
bacteria, which are intracellular pathogens that need Thi cells to counteract them, in 
a vaccination approach [1]. 
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General Measures in the Management of Atopic Dermatitis 



Another aspect related to the genetics and management of atopic dermatitis is 
the role of genetic counselling. At this point in time, there is no direct role for genetic 
counselling, other than giving information about the genetics as far as they are 
known. It might be argued that it would be better for a patient with very serious 
atopy (as perhaps indicated by very high levels of allergen- specific IgE in the circu- 
lation) not to have children with a similarly affected atopic individual. Such advice 
is not normally offered in current medical practice. 



General Measures in the Management of Atopic Dermatitis 

The general principles described here are of use in all cases of AD, whether they are 
mild, moderate or severe [23]. An outline is given below. 



General and specific measures in the management of atopic dermatitis 

To be considered in all patients 

■ Prevention 

■ Information 

■ Allergen avoidance and elimination of triggering factors 

■ Emollients 

■ Topical antimicrobials and antiseptics 

To be individualised depending on severity and course 

■ Topical therapies including corticosteroids 

■ Systemic antihistamines 

■ Systemic antibiotics 

■ Systemic immuno modulators 

■ Phototherapy and photochemotherapy 

■ Hospitalisation and day-care centres 

■ Treatment of complications 

Possible new therapies 

■ Topical immuno modulators such as tacrolimus (Protopic®) 

■ Innovative phototherapy modalities 

■ Systemic use of biotechnology products (anti-TNFa) 
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Prevention 

There are no proven and confirmed ways to prevent the development of atopic 
dermatitis in a given patient, although, as stated above, there are possibilities that 
are being explored. Avoidance of food allergens during pregnancy and lactation is an 
attempt to prevent the subsequent development of atopic dermatitis in the child. At 
best, this is of use in a subset of patients but it cannot be predicted who will respond 
or not, thereby making it impractical. 



Information 

It has been demonstrated that patients (and their parents) are interested primarily 
in knowing precisely what their disease, atopic dermatitis, is and what they can do 
to avoid exacerbations or the occurrence of the disease altogether. Explanation takes 
more time than is generally allocated to a patient in an outpatient clinic. Patient in- 
formation folders are of help, as is involving nurse practitioners who have more time 
and can inform the patient/parents about different aspects of the disease and how to 
counteract it. Nurse practitioners can also be of great value in instructing patients/ 
parents on how to use topical prescriptions. 

It is, of course, essential to know whether or not a patient is truly atopic. Explain- 
ing the genetics, the resulting immunological deviation, the subsequent formation of 
IgE antibodies against environmental allergens, and thus the measures to be taken to 
avoid them is of no use in patients who are not atopic but have atopiform dermatitis. 



Allergen Avoidance and Elimination of Triggering Factors 

The most important aeroaliergens in atopy are house dust, house-dust mites, pollen 
(tree/grass/weed), animal dander (cat/dog), and moulds. It is generally believed that 
they should be avoided. In fact, for house-dust mite allergens, elimination has in- 
deed been proven to have a beneficial effect on the course of atopic dermatitis [22]. 
Contact with these allergens is prevented by using dust-mite proof (Goretex) covers 
for mattresses and pillows, wet-mopping floors and avoiding rugs (especially in bed- 
rooms). 

Several investigators emphasise the aetiological role of food allergens in atopic 
dermatitis and note improvement after an elimination diet. For example, an egg- 
exclusion diet may be of help for children with atopic dermatitis who have IgE an- 
tibodies to egg [19]. Common food allergens implicated in atopic dermatitis are milk, 
egg whites, peanuts, soybeans, tree nuts, fish, shellfish and wheat [2]. It is accepted 
that with increasing age, the role of exposure to food allergens in the course of atopic 
dermatitis rapidly decreases. The frequency of positive reactions to aeroaliergens 
increases with age, whereas the frequency of positive reactions to food allergens de- 
creases with age. 
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Another important reason to eliminate aeroallergens in patients with atopic der- 
matitis is that these patients may subsequently develop allergic asthma and/or aller- 
gic rhinitis. In addition, aeroallergens may affect children who are atopic as well, and 
living in an environment in which aeroallergens are maximally eliminated is par- 
ticularly advisable. 

Irritants such as wool, soaps, perfumes, make-up, prolonged hot showers, high 
temperature and low humidity can all contribute to the severity of atopic dermati- 
tis and should be avoided. Stress and anxiety can be triggering factors, as well as de- 
pression, because it may reduce the threshold for pruritus. To reduce scratch 
behaviour, the help of a psychologist can be useful. The tendency to develop irritant 
contact dermatitis, especially of the hands, must be discussed with the patient, as it 
may have implications for the choice of a profession. 



Emollients 

Emollients for preserving and restoring the stratum corneum barrier are generally 
advised. When there are signs of impetiginisation, emollients are relatively contra- 
indicated. Different combinations of ointment ingredients are used as emollient 
therapy. Ingredients often used are petrolatum and liquid paraffin, together or in 
variable combinations with creams. Emollients can cause folliculitis, and this is a 
good reason to reduce the amount of grease in the emollient and replace it with 
io%-50% cream. Immediate lubrication after a bath or shower is very effective. 



Topical Antimicrobials and Antiseptics 

Topical antiyeast or antifungal agents are of little help. In general, many clinicians 
assume that exacerbations of atopic dermatitis may be related to bacterial super- 
infections, mainly due to Staphylococcus aureus. Thus, the topical antibiotic Fucidin 
(fusidic acid) has become a standard in many countries. In some centres, topical tet- 
racycline ointments are used for the same reason. To decrease the bacterial load of 
the skin in atopic dermatitis, antiseptics are often advised. Chlorhexidin or iodide 
solutions can be used topically. Antiseptics may also be added to bathing oils; ben- 
zalkonium chloride is available in such a combination. 



Treatment Failure 

Reasons for failure to respond to adequate therapy may be the need for more effec- 
tive agents, poor patient compliance, allergic contact dermatitis to an active ingre- 
dient or vehicle, inadequate sedation and continued emotional stress, and bacterial 
impetiginisation. 
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Specific Therapies in the Management of Atopic Dermatitis 

Specific therapies of use in the management of atopic dermatitis need to be indi- 
vidually tailored to the extent, severity and needs of the patient. In mild cases of 
atopic dermatitis, specific therapies are limited to tar preparations, topical cortico- 
steroids and at times systemic antihistamines, in addition to the general measures de- 
scribed above. They are often satisfactory, but some patients have difficulties in 
using tar preparations, as well as topical hormones. There is a need for more safe and 
effective therapies to be added to the limited number of agents available now. 

In moderate to severe cases, there is a need for modalities that tend to have 
systemic effects, including phototherapy, systemic immunomodulators such as 
cyclosporin, and even day-care or hospital admission. In many cases, there are no 
satisfactory and safe solutions and there is clearly a need for new and innovative 
modalities. 



Topical Therapies Including Corticosteroids 

Before topical corticosteroids were introduced in 1951, beginning with hydrocorti- 
sone acetate, wood and coal tar derivatives were the most frequently used active 
therapies. Nowadays coal tar preparations are prescribed to reduce the use of topi- 
cal corticosteroids. In some countries they are difficult to obtain, as coal tar is known 
to be carcinogenic. Epidemiological evidence for the development of (skin) malig- 
nancies in atopic patients exposed for long periods to tar preparations is lacking, 
however. Tar preparations are phototoxic; concomitant sun exposure should thus be 
avoided. In addition to tar ointments, tar shampoos are available, which are of help 
in patients with atopic dermatitis and scalp involvement. 

Topical antihistamines, non-steroidal anti-inflammatory drugs (NSAIDs) such as 
bufexamac or other compounds (e.g. doxepin, sodium cromoglycate, bisacodyl) are 
not recommended because they do not work topically (NSAIDs) or they tend to sen- 
sitise and result in allergic contact dermatitis (topical antihistamines). 

A large variety of topical steroids is available [8]. The potency of these cortico- 
steroids ranges from mild to very potent. In addition, the vehicle may differ, but this 
has limited influence on therapeutic efficacy. Most steroid preparations are available 
as lotion, cream, fatty cream and ointment. There are different grading systems for 
the potency of the steroids. We use a grade definition with grade 1 steroids being the 
least potent and grade 4 steroids the most potent preparations. 

To prevent tachyphylaxis, side effects and rebound phenomena, it is better to use 
a potent steroid intermittently or for a short term, followed by a less potent prepa- 
ration, or to alternate use with emollients. It is recommended to use topical steroids 
once daily in combination with application of emollients at least once a day. In the 
first week, corticosteroids are to be used every day; after the acute phase an alternate 
use is recommended. In this pulse therapy, the topical steroid is used for 4-5 conse- 
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cutive days a week, and during the other 2-3 days only emollients or tar preparations 
are recommended. Wet wraps are used for short periods during acute exacerbations. 
They can be used as occlusion after topical therapy, to enhance absorption. They also 
protect against persistent scratching and reduce itching by cooling the skin. 

In children, extra precautions are to be considered when using topical cortico- 
steroids. Growth retardation is a major issue, and in severe cases where long periods 
of corticosteroid application are necessary, keeping growth curves should be part of 
the patient follow-up. 



Overview of representative topical corticosteroids 

Mild 

■ Hydrocortisone acetate 

Moderate 

■ Alclometasone di prop ion ate 

■ Clobetasone butyrate 

■ Fluocinolone acetonide 

■ Fluocortine butylester 

■ Flumetasone pivalate 

■ Triamcinolone acetonide 

Potent 

■ Amcinonide 

■ Betamethasone valerate/dipropionate/benzoate 

■ Budesonide 

■ Desoximethasone 

■ Diflucortolone valerate 

■ Fluocinonide 

■ Fluticasone 

Very potent 

■ Beclomethasone dipropionate 

■ Clobetasol propionate 



Systemic Antihistamines 

Antihistamines are used as anti-itch and sedating agents. Non-sedating antihista- 
mines, which do not pass the blood-brain barrier, are of limited help. Sedating an- 
tihistamines are often effective, but they should be avoided in children under 1 year 
of age. 
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Systemic Antibiotics 

Antibiotics have a beneficial effect, even when there is no clear impetiginisation, 
probably by reducing the bacterial load of the skin. In cases where the systemic use 
of antibiotics is thought to be advisable, it is recommended to start with 250 mg 
clarithromycin twice daily or 250-500 mg erythromycin four times daily for 1 week 
(or equivalent doses in children: erythromycin 50 mg/kg/day, clarithromycin 7.5 mg/ 
kg/day). In case of known allergy or insensitivity to these macrolides, 1 week of 
500 mg flucloxacilline three times daily or 250 mg azitromycine twice daily (adult 
doses) is recommended. 



Systemic Immunomodulators 

Systemic use of cyclosporin (CsA) has been proven to be effective but its use is re- 
stricted to severe cases only. After measuring serum creatinine twice, a starting dose 
of 3 mg/kg/day is advised, and a maximum of 5 mg/kg/day should be adhered to. 
After control is achieved, the dose should be slowly reduced. Blood pressure and se- 
rum creatinine must be monitored at regular (6-week) intervals. Trough levels must 
be measured, for example in cases where a response is expected but not apparent. 

A short course of oral prednisolone, for example in a dose of 20 mg twice a day 
(adult dose), is occasionally needed to control difficult cases. The main problem with 
short courses is the rebound effect, shortly after the medication is discontinued. 
Other disadvantages are the loss of patient compliance towards topical steroids, the 
association with the development of atopic cataracts, and the induction of serious 
side effects, also after limited courses of systemic corticosteroids. 

There is not much experience with other immunomodulators such as metho- 
trexate, mycophenolate mofetil, or azathioprine. There are studies in which they have 
been shown to be effective compared with placebo groups, but this has not resulted 
in their widespread use. 



Phototherapy and Photochemo therapy 

Many patients are convinced of the benefit of exposure to sunlight. This has resulted 
in the development of different UV schedules for the management of this inflamma- 
tory skin disease [17]. In addition to UVA, PUVA (photochemotherapy using a 
psoralen compound as the photosensitising agent), UVA + UVB, and UVB, long- wave 
UVAi (wavelength 340-400 nm) was recently developed as a promising alternative 
therapy for AD. 
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Studies have indicated that UVB radiation (295-315 nm) is not suitable for acute 
exacerbations and thus is restricted to chronic cases. Combinations of UVB with 
UVA (300-400 nm) are more effective than UVB alone, and the result can be im- 
proved by increasing the UVA portion. Systemic photo chemotherapy, PUVA, is more 
effective but is associated with a number of side effects such as the rebound-effect 
and an increased risk of developing skin cancer. 



Hospitalisation and Day-Care Centres 

Patients with severe, generalised inflammation who do not respond to or suffer a 
flare-up soon after the use of topical steroids or appear erythrodermic are candi- 
dates for hospitalisation. In hospital the patient is protected from allergens and stres- 
sors. There is an almost guaranteed compliance, and education can be more effective. 
Time-consuming or difficult treatments can be applied, and different therapies can 
be combined. The admission period can also be used to identify potential allergens 
correctly. In day-care centres, many of the advantages of hospitalisation are present 
without the necessity of leaving the family life completely. 



Treatment of Complications 

Bacterial Infections and Impetiginisation. Because of the high rate of colonisation with 
Staphylococcus aureus in patients with AD, infection of the skin, however difficult to 
define, is frequent. The bacterial load of the skin is believed to give rise to super- 
antigen exposure which is associated with worsening of the dermatitis. Super- 
antigens themselves may not be directly responsible, in view of their molecular 
weight, but it may be that they are rubbed into the epidermis by scratching, or that 
epitopes are formed which may penetrate the corneal layer. For treating these com- 
plications we refer to the topical antimicrobials and systemic antibiotics described 
above. 

Viral Infections. Eczema herpeticum (Kaposi’s varicelliform eruption) is the result of 
the spread of cutaneous (not systemic) Herpes simplex infection. Within the first 
48 h, antiviral treatment such as 100 mg valacyclovir three times a day for 7 days, or 
800 mg acyclovir five times a day for 5 days, can be useful. For severe cases, such as 
when fever occurs, hospitalisation for intravenous treatment with aciclovir 5 mg/kg 
every 8 h for 5 days should be considered. When neuralgia becomes predominant, 
analgesics such as 500 mg paracetamol or 500 mg paracetamol/20 mg codeine up to 
six times a day (maximum adult dose) can give relief. 
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Alternative Treatments in the Management of Atopic Dermatitis 

Abnormal levels of essential fatty acids have been found in lesional skin of atopic 
dermatitis patients, with normal values in uninvolved skin. In addition, abnormali- 
ties in the fatty acid composition in breast milk of mothers with affected children 
have been found. It has been suggested that a deficiency of these fatty acids plays a 
role in the pathogenesis of AD. However, dietary supplementation with evening 
primrose oil and marine fish oil did not demonstrate any significant clinical im- 
provement in double-blind, placebo-controlled trials. 

Chinese herbs have non-steroidal anti-inflammatory activities, and some also 
have steroid-like, antihistaminic or immunosuppressive activity. The herbal therapy 
seems to target the inflammatory character of the disease. Positive results have been 
reported, but the potential hepatotoxicity must be studied. Other problems are the 
lack of a guaranteed constant quality and the unpalatability of this therapy. 

Because airborne allergens such as Dermatophagoides pteronyssinus seem to play 
an important role as a triggering factor in AD, allergen desensitisation with extracts 
of these allergens has been advocated. Some investigators reported positive results 
in unblinded uncontrolled studies while others reported no alleviation after 
desensitisation in a placebo-controlled, double-blind study. The major limitation of 
this treatment is the complicated procedure of preparing specific immune com- 
plexes. 

Atopic patients have reduced interferon-gamma (IFN-y) production, leading to 
an overproduction of IgE. This suggests that IFN-y may be effective in the treatment 
of atopic dermatitis. Subcutaneous injection of IFN-y is effective in nearly half of the 
patients, achieving 50% improvement. A major disadvantage is its price. 

Thymic factors have been tried in atopic dermatitis. Intramuscular thymosti- 
mulin (TP-i) achieved no significant difference compared with a placebo; subcuta- 
neous thymopentin (TP-5) achieved a small improvement in combination with 
topical steroids and oral antihistamines. 

Patients with AD are predisposed to cutaneous infections, often with S. aureus. 
This is a well known triggering factor. Topical gamma globulin (IgG) preparations 
have been used with specific antimicrobial antibodies that have neutralising and 
opsonising activity. Improvement was reported, but double-blind placebo-controlled 
studies are not available. 

In AD patients, increased phosphodiesterase activity in mononuclear leukocytes 
has been reported. Phosphodiesterase inhibitors are used experimentally as therapy 
in AD. However, these agents are not yet clinically available. 
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New Approaches Needed in Atopic Dermatitis Management 



In view of what has been 
summarised above, the 
management of atopic 
dermatitis is complex 

tion from different physicians. The therapeutic armamentarium is limited, and a 
choice of what to use from it should be individualised for each patient. For patients 
for whom topical corticosteroids are not sufficient, there is clearly a gap between 
what is available for topical therapy and the systemic use of agents such as cyclo- 
sporin. 

In addition, the systemic therapies that are available are not without pitfalls. 

Photo(chemo)therapy damages the skin and is laborious. Systemic cyclosporin 
and other immunomodulators may have serious side effects. Thus, in cases where 
topical therapy fails, there is also a need for alternatives. One approach might be the 
introduction of biotechnology products. More than 20 such products are in different 
stages of development for parenteral therapy of moderate to severe psoriasis, but 
some of them might also be effective in serious cases of AD. 

Although the side effects of topical and low-potency corticosteroids should not 
be exaggerated, especially in mild cases where only limited amounts are needed, 
both patients and physicians feel uncomfortable with them. This feeling of uneasi- 
ness increases when larger areas of skin must be treated, when more potent cortico- 
steroids are to be prescribed, and when the disease becomes more chronic and cor- 
ticosteroid use thus becomes chronic as well. 

An ideal alternative to topical corticosteroids would be a drug that has similar 
efficacy but not the side effects. It thus should have an entirely different mode of 
action. It should preferably be available in different vehicles, enabling adjustment to 
different stages of the diseases as well as to different localisations. Finally, it should 
be suitable for long-term use, enabling it to be applied in the long-term management 
of this often chronic and relapsing disease. The new topical immunomodulators 
seem to be well-suited to fill that gap. 



In view of what has been summarised above, the management of atopic dermati- 
tis is complex. Information that needs to be given to the patient is not always based 
on good knowledge but on clinical experience, which leads to a lack of consensus in 
different areas of the atopy problem. As a result, patients receive different informa- 



Impending Innovative Therapies in the Management 
of Atopic Dermatitis 

Tacrolimus (FK 506) and pimecrolimus (SDZ ASM 981) are new macrolide-type topi- 
cal immunomodulators, with a mechanism of action similar to that of cyclosporin 
[20, 21, 24]. In contrast to cyclosporin A, they are effective in the topical treatment of 
AD, due to their relatively small size. Both compounds are highly effective against 
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itch, one of the most prominent problems of patients with atopic dermatitis. In con- 
trast to topical corticosteroids, these compounds have a more favourable side-effect 
profile. They do not induce the local side effects of corticosteroids such as atrophy, 
teleangiectasia and striae, or systemic side effects such as adrenal suppression. They 
also do not seem to cause gradual unresponsiveness, known as tachyphylaxis. Burn- 
ing, irritation, and even itch of the skin or a feeling of warmth is a frequently re- 
ported application-site reaction. This is only a minor problem, disappearing after a 
few days. 

Topical tacrolimus (Protopic®) is already available in Europe, Japan, the United 
States, and Canada. The development of topical tacrolimus from a systemic agent in 
transplantation medicine to a useful topical agent in dermatotherapy is described in 
the following chapters of this volume. 
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Development of Tacrolimus Ointment 

T. Goto, H. Nakagawa 



Discovery and Isolation of Tacrolimus 

The study of bioactive microbial metabolites was initially focused on the search for 
antimicrobial agents which various bacteria and fungi were believed to produce 
to give them a competitive growth advantage by inhibiting other organisms. The 
most famous member of this group is penicillin, isolated from the bread mould Peni- 
cillium notatum by Fleming in 1929. Another well-known antibiotic, streptomycin, 
was isolated from Streptomyces griseus by Waksman in 1943. The significance of 
Streptomyces will be addressed later in this chapter. Many antibiotics, in addition to 
other antimicrobials, enzymes, enzyme inhibitors and immunomodulatory agents 
have also been isolated from microbial fermentation products. For example, 
cyclosporin A is a fungal metabolite, isolated from Tolypocladium inflatum and ini- 
tially envisaged as an antifungal antibiotic before its immunomodulatory properties 
became clear. 

In April 1983, Fujisawa Pharmaceutical Company in Japan expanded its research 
arm by establishing Exploratory Research Laboratories in Tsukuba Science Park. 
In this centre we started our search for new immunosuppressive, bioactive metabo- 
lites. An extensive screening programme, aimed at discovering novel bioactive mi- 
crobial products, was initiated. We employed the mixed lymphocyte reaction (MLR) 
as a surrogate for an allograft rejection reaction. In the MLR, responder lymphocytes 
are mixed with immunogenic but growth-inhibited (initially with mitomycin treat- 
ment) stimulator lymphocytes. The reaction of the responder cell to this stimulation 
is measured via a variety of assays. We isolated organisms from soil samples, pro- 
duced over 10 000 fermentation broths, and then screened their supernatants to see 
how well they could inhibit MLR. We screened about 250 samples per week for the 
targeted immunomodulatory activity. 
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In March 1 984 tacrolimus In March 1984 tacrolimus was discovered when a strain of soil bacteria labelled 

was discovered no. 9993 was identified in a soil sample found on Mount Tsukuba, Japan (Fig. 5.1). We 

had already screened thousands of fermentation products when we found that the 
broth from this strain strongly inhibited the MLR without damaging the cells in the 
culture (Fig. 5.2). We named the active product initially FR900506 and then FK506. 
While it was initially introduced into transplantation medicine with this code name, 
the generic name chosen was tacrolimus. This word is a neologism derived from 
Tsukuba, macrolide and immunosuppression. The new strain of bacteria was desig- 
nated Streptomyces tsukubaensis y named after its discovery site. The Streptomyces are 
higher bacteria in the Actinomycetales family. They have often been confused with 
fungi because of their aerial growth and mycelial formation, but they lack a nuclear 
membrane and a chitin- or glucan-rich cell wall, two mandatory criteria for fungi. 
This particular strain was characterised by a grey mycelium, rectiflexible spore 
chains with smooth spore surfaces, non-chromogenicity and limited carbohydrate 
usage. A scanning electron micrograph is shown in Fig. 5.3. The strain differed from 
other Streptomyces species on the basis of morphological, cultural and physiological 
characteristics [5, 6, 13]. 

We then isolated pure crystalline tacrolimus from the culture broth of Strepto- 
myces tsukubaensis (Fig. 5.4). The strain reaches a stationary growth phase after 
about 40 h of fermentation with a nutrient broth. At this time tacrolimus production 
begins and peaks at 90 h. We started with a culture broth of 1500 L, from which a total 
of 13.6 g of colourless prisms of tacrolimus was isolated. The cultured broth was 
filtered with the aid of 25 kg of diatomaceous earth. The compacted mycelial cake 
was extracted with 500 L of acetone. This extract was combined with the filtrate, now 
totalling 1350 L, and passed through a column consisting of 100 L of non-ionic adsorp- 
tion resin Diaion HP-20. The column was washed and eluted with 75% aqueous 
acetone. After a further series of extraction, evaporation and column chromatogra- 
phy procedures, 34 g of a white powder was obtained. Purification and crystallisation 
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Figure 5.2 a,b. Inhibition of 
mixed lymphocyte reaction 
(MLR) by tacrolimus, a MLR/ 
stimulated, b MLR with tacro- 
limus 




Figure 5.3. Electron micro- 
graph of Streptomyces tsuku- 
baensis 



produced 13.6 g of tacrolimus [15]. This crystalline solid is stable under normal con- 
ditions and relatively resistant to high temperatures, increased humidity and light, 
but unstable in alkaline conditions. It is soluble in methanol, ethanol, acetone, ethyl 
acetate and diethyl ether, but virtually insoluble in water and hexane. This lack of 
solubility in water was associated with very poor gastrointestinal absorption in early 
dog studies. A dispersion of tacrolimus on hydroxypropyl methycellulose produced 
a stable product which is well absorbed when taken orally [25]. 
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Figure 5.4. Pure crystals of 
tacrolimus 



The 13 C NMR spectrum in CDC 1 3 showed that tacrolimus exists as an equilibrium 
mixture of two isomers. In solution the main isomer is the cis form. It was a long task 
to deduce the structure of tacrolimus, involving extensive degradation and spectro- 
scopic studies. The relative configuration was determined by X-ray crystal analysis, 
and the definitive configuration was established by the fact that hydrolysis of tacro- 
limus yielded L-pipecolic acid. Tacrolimus is a macrolide lactone with a hemike- 
tal-masked, a, p-diketoamide incorporated into a 23-membered ring (Fig. 5.5) [2]. 
Tacrolimus monohydrate has a molecular weight of 822 Da, a size which becomes 
very important when considering topical applications of the product. This structure 
is completely different from that of cyclosporin A, a cyclic polypeptide containing 11 
amino acids with a molecular weight of 1202 Da. 

The total synthesis of tacrolimus and its fragments has been reported by many 
researchers. The first complete synthesis was accomplished by chemists at Merck. 
Subsequently, the Schreiber group described the asymmetric synthesis of tacrolimus, 
while the Danishefsky group also accomplished a formal synthesis. Reflecting the 
unique and complex structure of tacrolimus, each group employed different syn- 
thetic methodology [7]. 

Three structurally related compounds were also isolated in our laboratories: 
namely the methyl (FR900523), ethyl (FR900520) and proline (FR900525) analogues 
of the original compound. The proline analogue was also isolated from Strepto- 
myces tsukubaensis [10], whereas the other two were first identified in soil specimen 
no. 7238, which yielded a closely related fungus later classified as Streptomyces 
hygroscopicus subsp . yakushimaensis [8, 9]. All three of these agents were subjected 
to the initial immunomodulatory screening procedures discussed below, where they 
were effective, but not as dramatically so as tacrolimus. Thus they were not further 
developed. 
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tacrolimus 



CwH^NCV H a O (MW 822.05) 




cyclosporin A 

b QaHtn0 12 {MW 1202.63) 

Figure 5.5 a,b. Molecular structures of a tacrolimus and b cyclosporin A 
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Predinical Studies 

The effectiveness of tacrolimus as an immunomodulatory agent was demonstrated 
in a variety of predinical studies in the mid-1980s. We have grouped them together, 
not in chronological order, but advancing from in vitro to in vivo procedures. 



In Vitro immunomodulatory Effects 

Tacrolimus is highly effective in suppressing the proliferative response in both murine 
and human MLRs. In the first assessment of the effect of tacrolimus, cyclosporin A 
and prednisolone on a murine MLR model, the IC50 values were 0.32 nmol, 27 nmol 
and 17 nmol, showing that tacrolimus was effective at dramatically lower dosages 
than its competitors [15]. When human MLRs were employed, one set of experiments 
yielded values of 0.22 nmol, 14 nmol and 80 nmol, respectively, for tacrolimus, cyclo- 
sporin A and prednisolone [16]. Further studies continued to underline the greater 
potency of tacrolimus [14]. 

In additional in vitro studies using both rodent and human lymphocytes, we 
showed that tacrolimus inhibits the production of cytotoxic T cells primarily by 
blocking production of IL-2 and expression of the IL-2 receptor, as well as by in- 
hibiting a variety of other T-cell mediators such as IL-3 and IFN-y. The production 
of cytotoxic T cells was assessed by mixing C57BL/6 mouse lymphocytes with mito- 
mycin-treated BALB/C mouse lymphocytes. After incubation for 5 days, the cytotoxic 
capacity of the generated lymphocytes was measured using 51 Cr-labelled P815 tu- 
mour cells in a well-established microcytotoxicity assay [15]. The levels of the IL-2 re- 
ceptor and the other mediators were also assessed in standard assays. All parameters 
were inhibited by both tacrolimus and cyclosporin A. The IC50 values for tacrolimus 
and cyclosporin A were around 0.1 nmol and 10 nmol, respectively, showing that 
tacrolimus suppressed the in vitro model of the immune response at levels 100-fold 
lower than cyclosporin A [5, 6, 16]. 

In a biological model dependent on IL-2, this same relationship was shown. 
Tacrolimus or cyclosporin A was added to bulk MLR reactions in graded amounts, 
and the supernatant was assessed for its ability to support the growth of the IL-2 
dependent lymphocyte line CTLL-2. Bulk MLRs blocked by tacrolimus produced 
strikingly lower levels of IL-2 in this functional assay [5]. 

We also studied a T-cell lymphoma line (LBRM-33-1A5-10) which produces IL-2 
on stimulation with IL-i. Following stimulation with IL-i and phytohemagglutinin, 
expression of mRNA was measured by Northern hybridization using cDNA probes 
for IL-2, IL-2 receptor, c-myc and actin. Tacrolimus selectively inhibited T-cell activa- 
tion, blocking expression of mRNA for IL-2 but not influencing the expression of 
mRNA for the IL-2 receptor, c-myc and actin. Once again, tacrolimus was roughly 100 
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times as effective as cyclosporin A in blocking both IL-2 mRNA expression and IL-2 
protein production. Thus it inhibits activation of T cells as induced by antigens, al- 
logenic cells and mitogens [6]. 

Tacrolimus does not affect the activation of B cells by lipopolysaccharide, a non- 
specific mitogen. It also fails to influence either freshly isolated or mitogen-stimu- 
lated natural killer (NK) cells. In addition, tacrolimus does not affect bone marrow 
colony formation or the proliferation of various bone marrow-derived cell lines, 
further demonstrating that the mechanism of action directly involves an anti-T-cell 
function [7]. 

In another series of studies, we showed lower toxicity of tacrolimus compared 
with cyclosporin A and prednisolone. In one experiment we compared the effect of 
these agents on the formation of granulocyte/macrophage colonies in cultured mu- 
rine bone marrow cells stimulated with colony-stimulating factors. Prednisolone was 
ten times more bone marrow-suppressive than tacrolimus, while cyclosporin A was 
almost twice as suppressive. When varying solutions of these same agents were 
added to cultured human and rodent lymphoma, leukaemia and thymoma cell lines, 
once again tacrolimus was least inhibitory. These in vitro studies strongly suggested 
that tacrolimus was an effective non-toxic immunomodulatory agent [16]. 



In vitro studies strongly 
suggested that tacrolimus 
was an effective non-toxic 
immunomodulatory agent 



Antimicrobial Activity 

We also investigated the antimicrobial action of tacrolimus. In early studies tacro- 
limus was very effective against Fusarium oxysporum and Aspergillus fumigatus but 
had no inhibitory action against bacteria, yeasts, dermatophytes or other fungi [15]. 
Later it was also shown to be effective against Malassezia furfur, a yeast which has 
been associated with seborrhoeic dermatitis and pityriasis (tinea) versicolor, as well 
as implicated as a potential allergen in atopic dermatitis [18]. 

Two other macrolide immunomodulatory agents were also initially isolated as 
anti-fungal products. Ascomycin was isolated from Streptomyces hygroscopicus var 
ascomyceticus; the most active form today is a synthetically modified form known as 
pimecrolimus. Similarly, rapamycin was initially identified as an anti-fungal agent in 
soil from Rapa Nui in the Easter Islands. It is now known as sirolimus. Both macro- 
lides are now in clinical use in some countries. 



In Vivo Immunomodulatory Effects 

Cellular and Humoral Immunity 

Oral administration of tacrolimus in mice strongly suppressed the plaque-forming 
cell (PFC) assay, a measure of humoral immunity. In one experiment, C3H/He mice 
were intravenously immunised on day o with ixio 8 washed sheep erythrocytes. They 
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were treated with tacrolimus or cyclosporin A for 4 days and then their spleens were 
removed. The spleen cells were incubated in the presence of sheep erythrocytes, and 
then both the number of cells and the number of PFCs were assessed. Tacrolimus 
and cyclosporin A strongly suppressed the PFC response but slightly decreased the 
number of spleen cells. The ED50 values for tacrolimus and cyclosporin A were 
4.4 mg/kg and 39 mg/kg, respectively [15]. 

To assess cell-mediated immunity, BDF x mice were sensitised with a subcutane- 
ous injection of methylated bovine serum albumin (MBS A) and Freund’s incomplete 
adjuvant. They were then orally treated with either tacrolimus or cyclosporin A daily. 
Seven days later the mice were challenged with a smaller dose injected into the right 
hind footpad, with a control saline injection into the left. After 24 h, the footpad 
thickness was assessed with a micrometer. The ED50 values for tacrolimus and 
cyclosporin A were 14 mg/kg and 40 mg/kg, respectively. Many other experiments of 
this type have been performed, all demonstrating a consistent ability of tacrolimus 
to modulate both humoral and cellular immunity [15]. 



Experimental Autoimmune Disease 

There are a number of traditional animal models of autoimmune disease, doubtless 
reflecting a wide variety of both cellular and humoral pathogenic mechanisms. In a 
number of these systems, tacrolimus has been shown to inhibit the development of 
disease [13]. The response to the injection of sheep red blood cells, a T-cell-depen- 
dent antigen, is often used as a marker for humoral immunity. Tacrolimus suppresses 
the production of antibodies to this challenge. In addition, it blocks the cellular re- 
sponse to the injection of MBS A in mice [6]. 

A more complex model is experimental allergic encephalitis. In this model, rats 
are injected with myelin basic protein, a key nerve component. Both the humoral 
and the cellular responses to this allergenic substance can be completely abolished 
by tacrolimus [13]. 

In another system, rats can be injected with type II collagen to induce an experi- 
mental autoimmune arthritis which resembles human rheumatoid arthritis. Here 
tacrolimus is far more effective when given in the early induction phase (0-4 days) 
than in the subsequent effector phase (7-11 days). It not only blocks the clinical syn- 
drome but also suppresses both humoral and cellular responses to further injections 
of the collagen. When such animals are re-injected with type II collagen they prove 
to be tolerant, once again not developing arthritis. Nonetheless, they are capable of 
developing experimental allergic encephalitis. Thus, tacrolimus appears to induce 
an antigen-specific unresponsiveness [13]. 

There are several mouse models of systemic lupus erythematosus; two widely 
accepted ones are MRL/lpr and NZB/WF x mice. Intraperitoneal injection of tacro- 
limus thrice weekly for 40 weeks in affected animals resulted in a drop in proteinuria 
and a prolongation of life. 
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Another model is experimental autoimmune uveitis (EAU) in which rats are in- 
jected with the S antigen. Whether administered in the early induction phase (0-5 
days) or in the late effector phase (7-12 days), tacrolimus inhibited the development 
of EAU. It induced specific immunological unresponsiveness to the S antigen. Even 
after the onset of EAU, a higher dose of tacrolimus arrested the disease [13]. 

A final complex disease is experimental graft-versus-host reaction in mice, where 
a bone marrow transplantation is done across appropriate strains. Administration of 
tacrolimus greatly impairs this dramatic reaction. In one model, spleen cells from 
C57BL/6 mice were injected into the footpads of BDF x mice. Animals were treated 
with either tacrolimus or cyclosporin A orally for 5 days. Axillary lymph nodes from 
the injected site were then compared with those from the contralateral site as a 
model for graft-versus-host reaction. Although both agents suppressed the response, 
tacrolimus was more effective [15]. 



Molecular Immunology 

The discovery of tacrolimus has led to further insights in molecular immunology, 
especially cellular signal transduction. The elucidation of its mechanism of action 
led to the identification and cloning of the FK5o6-binding protein (FKBP), which 
possesses peptidyl-prolyl-ds-frans isomerase (PPIase) activity. This protein was later 
designated FKBP-12, as many related molecules were identified. Today this class of 
cytosolic agents is known as macrophilins or immunophilins; in this terminology, 
FKBP-12 is referred to as macrophilin 12. 

The mode of action of tacrolimus is discussed in detail in the following chapter 
of this volume. In essence, tacrolimus and cyclosporin A both function to inter- 
rupt the signalling pathway between T-cell receptor stimulation and transcription 
of genes. When T-cell receptors are stimulated by antigen binding, intracellular 
Ca 2+ levels increase. Ca 2+ then binds to calmodulin and activates calcineurin, a phos- 
phatase. Tacrolimus and pimecrolimus both bind to FKBP-12, whereas cyclosporin A 
binds to cyclophilin. Both of these new complexes can block calcineurin, so it is 
unable to remove the phosphate group from the nuclear factor of activated T cells 
(NF-AT). Only the dephosphorylated form of NF-AT can move from the cytosol 
into the nucleus to turn on gene transcription. Thus, blocking of NF-AT results in 
a failure to activate the genes responsible for the production of Thi and Th2 cyto- 
kines. Tacrolimus profoundly blocks IL-2, essential for the feedback mechanism to 
stimulate cytotoxic T cells. It also inhibits transcription of IL-3, IL-4, IL-5, GM-CSF, 
TNF-a and IFN-y, all vital in early T-cell activation. 

Several points should be made. Even though tacrolimus and cyclosporin A, as 
well as the other topical macrolide immunomodulators, all act via the same general 
pathway, they have distinct differences in the entire spectrum of their immuno- 
modulation, perhaps reflecting interactions with a number of other receptors. The 



89 



FKBP-12 is referred to as 
macrophilin 12 






S De vel o p merit of Ta crol i m us 0 i ntm ent 



other effects of tacrolimus are less well explored; they include inhibiting the release 
of mediators from eosinophils and basophils, altering endothelial antigen expres- 
sion, and down-regulating the expression of FceRI on Langerhans cells. Other 
macrophilins may interact with steroid receptors, explaining some of the overlaps 
between the modulatory actions of tacrolimus and corticosteroids. 



Clinical Applications 

Transplantation Medicine 

The initial and most dramatic clinical indication for tacrolimus was in solid organ 
transplantation, starting with the studies of Starzl and his colleagues at the Univer- 
sity of Pittsburgh in 1989. The initial patients were those with liver allografts who 
were unresponsive to maximum doses of the standard immunosuppressive agents, 
primarily corticosteroids and cyclosporin A. After clinical effectiveness was seen, 
tacrolimus was administered to renal transplant patients, once again primarily those 
who had complex clinical problems. In 1993, tacrolimus was launched in Japan 
under the worldwide trade name of Prograf®. The indications at the time of initial 
release were suppression of liver transplant rejection and treatment of graft-versus- 
host reaction after bone marrow transplantation. In the USA, the FDA approved 
tacrolimus in 1994 for prophylaxis of organ rejection in patients receiving allogenic 
liver transplants. Later the same year, the product was approved in the UK for the 
prophylaxis and treatment of both liver and kidney transplant rejection. Today the 
major role of oral tacrolimus is in the prevention of organ rejection in various types 
of solid organ transplantation. Tacrolimus has been shown to be more effective than 
cyclosporin A; this difference is even more apparent in high-risk patients as well as 
in those for whom cyclosporin A has already proven ineffective. In addition to the 
prophylaxis of organ rejection, tacrolimus has been approved in several countries 
for the prevention and treatment of graft-versus-host reaction, as well as for the 
treatment of myasthenia gravis in Japan. It has also been employed off-label for a 
broad spectrum of disorders where immunomodulation of T-cell function appears 
to offer a benefit. Included in this group are a variety of inflammatory skin diseases, 
as well as uveitis (primarily in Behcet syndrome), nephrotic syndrome, inflamma- 
tory bowel disease and asthma. As is the case with most systemically administered 
drugs, the potential for side effects with systemic tacrolimus is of clinical impor- 
tance. 
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Treatment of Dermatological Diseases 

Systemic Tacrolimus 

As a growing number of transplant patients were treated with tacrolimus, it was in- 
evitable that patients with two common inflammatory skin disorders, atopic derma- 
titis and psoriasis, would be exposed to the new medication. Many of these patients 
improved - an unexpected but positive additional effect of their anti-rejection ther- 
apy. Systemic tacrolimus has thus been tried in a broad spectrum of inflammatory 
and presumably immunological skin diseases. Although many anecdotal reports are 
found, the efficacy of systemic tacrolimus is best documented in psoriasis, Behcet 
syndrome and pyoderma gangrenosum. The use of tacrolimus in diseases other than 
atopic dermatitis is considered in detail in chapter 11 of this book by Assmann and 
colleagues. 

Topical 

As clinical experience grew with the use of tacrolimus, establishing both its pharma- 
cological actions and its safety profile, the possibility to develop the drug for uses 
other than transplantation became more feasible. Of particular importance was the 
finding that, unlike cyclosporin A, tacrolimus was active when used topically on the 
skin to treat immune-mediated dermatological diseases. Topical application pro- 
vided local benefit while obviating many of the concerns associated with unwanted 
systemic side effects of this class of agents [17]. 

The combination of the immunomodulatory role of systemic tacrolimus, the 
reported topical benefits and the importance of IL-2 and T cells in the pathogenesis 
of atopic dermatitis suggested to us that topical tacrolimus could be an ideal agent 
for the long-term treatment of inflammatory skin disease. In addition, the lower 
molecular weight of tacrolimus (822 Da) and its higher potency suggested that it 
might succeed topically, where cyclosporin A had failed. We devoted considerable 
efforts to the development of a topical form of tacrolimus. The limiting factor was 
the molecular weight of 822 Da. The theoretical upper limit of molecular weight for 
molecules which readily penetrate the normal epidermis has been held to be around 
500 Da. Through extensive efforts in compounding, this problem has been overcome. 
The development of tacrolimus ointment is now regarded as “the first new anti-in- 
flammatory therapy for atopic dermatitis since the introduction of topical cortico- 
steroids more than 40 years ago” [3]. 

Due to its ability to inhibit T cells and IL-2 production, tacrolimus is potentially 
useful in other inflammatory skin diseases such as pyoderma gangrenosum, rheuma- 
tic skin ulcers and oral/perineal Crohn’s disease. Additional diseases where topical 
tacrolimus may be of clinical benefit include the cutaneous manifestations of graft- 
versus-host disease after bone marrow transplantation, psoriasis, contact dermati- 
tis, hand/foot dermatitis, seborrhoeic dermatitis, lichen planus and alopecia areata. 
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Experimental Approaches 

The effectiveness of topical tacrolimus was demonstrated in a number of animal 
models and in some human studies involving normal volunteers. Early studies 
showed the effects of topical tacrolimus on spontaneous dermatitis in NC/Nga (NC) 
mice, on the skin inflammation model produced by repeated antigen challenge, and 
on late and delayed cutaneous allergic reactions in mice [11, 23]. 

Severe dermatitis has been shown to develop spontaneously in NC mice. Young 
NC mice with no skin symptoms were treated twice weekly with tacrolimus oint- 
ment (o.i%-i.o%) for up to 9 weeks. The severity of dermatitis was assessed week- 
ly using the scoring system: o, no symptoms; 1, mild inflammation or excoriation; 
2, moderate inflammation or excoriation or mild haemorrhage; 3, severe inflamma- 
tion or haemorrhage or ulcer or loss of ears. Tacrolimus ointment suppressed the de- 
velopment of dermatitis (Figs. 5.6 and 5.7), and in a separate set of experiments was 
also shown to be effective against established dermatitis [11]. 







Treatment weeks 



0-0 no treatment (n=1 1 ) 

O— P ointment base (n=l 2) 

■Hi 0.1% tacrolimus ointment (n=11) 
±ntk 03% tacrolimus ointment (n-11) 
0.5% tacrolimus ointment (n=1 1) 
• 1 % tacrolimus ointment (n-1 1 ) 

mean± S.E. 



Figure 5.6. Effect of tacrolimus ointment on the development of spontaneous dermatitis in NC mice. 
*p <0.05 vs. ointment base group 
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Figure 5.7 a,b. Effect of tacrolimus ointment on dermatitis in NC mice, a Untreated controls, b 1% 
tacrolimus ointment group 



It has been shown that the dermis of NC mice has increased numbers of T-helper 
cells, mast cells and eosinophils and increased staining for IL-4, IL-5 and IgE. In the 
same series of experiments as above, tacrolimus ointment suppressed all of these 
changes. These results suggested that tacrolimus inhibited the activation of inflam- 
matory cells and the production of key cytokines in the skin [11]. 

In an extensive investigation, mice were sensitised to killed Mycobacterium tu- 
berculosis with Freund's adjuvant and then re-challenged 2 weeks later with intrader- 
mal PPD challenge to their ears. The response was assessed either by ear thickness 
or by leakage of a vital dye. When tacrolimus ointment was applied to one ear for 3 h 
before the challenge, it effectively reduced the delayed hypersensitivity response. 
When mice were passively sensitised to Mycobacterium tuberculosis , the results were 
similar [23]. 

Tacrolimus ointment (o.i%-i.o%) also had a clear inhibitory effect on the effec- 
tor phase of oxazalone-induced delayed-type hypersensitivity in mice. In this model, 
tacrolimus ointment was applied twice to the ear, 3 h before and 2 h after challenge. 
This reaction was also inhibited by the corticosteroid ointments 0.12% betametha- 
sone valerate and 0.1% alclometasone dipropionate (Fig. 5.8) [22]. 

The effect of topical tacrolimus was also compared in Lewis rats, which tend to- 
wards an exaggerated delayed hypersensitivity response (Thi), and Brown-Norway 
rats, which have a more prominent IgE (Th2) response. The Lewis rats were im- 
munised with Mycobacterium tuberculosis and challenged with injection of PPD in 
the ears. The Brown-Norway rats were passively sensitised to egg albumin with sera 
from sensitised Sprague-Dawley rats and then challenged intravenously. In both set- 
tings, the ears were treated prior to re-challenge with either tacrolimus or alclo- 
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Figure 5.8. Effect of tacrolimus ointment on oxazolone-induced delayed-type hypersensitivity (DTH) 
in mice. **p <0.01 vs. placebo; ##p <0.01 vs. non-treated group; figures in brackets show percent inhi- 
bition of DTH 



metasone diproprionate. Tacrolimus effectively blocked the tuberculin re-challenge, 
whereas alclometasone was more effective in inhibiting the systemic challenge from 
passive cutaneous anaphylaxis [23]. 

As a model for atopic dermatitis, chronic contact dermatitis was induced in the 
right ear of Brown-Norway rats by applying 2,4-dinitro-chlorobenzene (DNCB) re- 
peatedly over a 3-week period. Swelling followed by skin inflammation occurred 
after each application. After 3 weeks, the serum contained increased IgE levels and 
increased numbers of eosinophils and mast cells were observed in the lesional skin. 
When administered from a week after the initial sensitisation, tacrolimus ointment 
(0.1% and 0.3%) suppressed all these features of atopic dermatitis. This was also the 
case with the corticosteroid ointments 0.12% betamethasone valerate and 0.1% 
alclometasone dipropionate (Fig. 5.9) [4]. 

The effect of topical tacrolimus was also investigated in experimental allergic 
contact dermatitis in domestic pigs, guinea pigs and human volunteers. It blocked 
sensitisation to dinitrochlorobenzene in a dose-dependent way. In general, healthy 
skin was treated with tacrolimus ointment in varying concentrations for 48 h under 
occlusion and then challenged with the potent sensitiser. Furthermore, tacrolimus 
induced local hair growth in both a rat and a mouse model for alopecia. 
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Figure 5.9. Effect of tacrolimus ointment on pharmacological AD model in rats. *» **p <0.05, p <0.01 
vs. ointment base group; #, ## p <0.05, p <0.01 vs. non-treated group 



Atopic Dermatitis 

Although the pathophysiology of atopic dermatitis is not fully understood, sub- 
sequent chapters in this book will make clear how much our knowledge has ad- 
vanced in recent years and how tacrolimus has helped develop our understanding 
of this common but complex skin disorder. The cytokine-mediated response to 
allergens is thought to be an important factor. Th2 cytokines (IL-4, IL-5) are neces- 
sary for the immediate and late-phase allergic reactions which may represent the 
acute inflammatory phase of atopic dermatitis. IL-4 enhances IgE production from 
B cells, and IgE on mast cells then interacts with antigens to release chemical media- 
tors. IL-5 activates eosinophils, which are important in the late-phase allergic reac- 
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tions. In contrast, Thi (IL-2, IFN-y) cytokines play an important role in delayed 
hypersensitivity reactions (DTH), a possible inducer for chronic atopic dermatitis. 
IL-2 activates the T cells, and IFN-y activates macrophages. IL-3 and GM-CSF are 
produced from both Thi and Th2 cells and serve to activate mast cells, basophils and 
eosinophils. 

In a series of studies in our laboratories, we created an in vitro model for ato- 
pic dermatitis using lymphocytes from normal individuals. We chose anti-CD3 as a 
T-cell-receptor stimulator and used either anti-CD2 or anti-CD28 as a co-stimulatory 
agent. The stimulating antibodies were fixed to a microplate rather than being pre- 
sented by antigen-presenting cells as is the case in vivo. Both anti-CD3/CD28 and 
anti-CD3/CD2 stimulation produce both Thi and Th2 cytokines. The former regi- 
men is more effective in stimulating IL-2 production but otherwise the two types 
of co-stimulation yield comparable amounts of cytokines. We suspect that anti- 
CD3/CD28 stimulation drives the Thi response whereas anti-CD3/CD2 stimulation 
helps balance the Thi and Th2 cytokines. Tacrolimus inhibited the production 
of all these cytokines (Thi, Th2 and mixed) in both stimulatory systems. In the 
anti-CD3/CD2 system, tacrolimus was as effective as betamethasone valerate and 
more effective than alclometasone in blocking cytokine production. The dosage 
required for Thi and Th2 suppression was almost identical (IC50 0.02-0.11 ng/mL). 
When 1 ng/mL of tacrolimus was administered, all cytokine production was abol- 
ished. This offers support for the concept that tacrolimus is effective in atopic der- 
matitis by inhibiting cytokine production [21]. 

We started pharmaceutical development of a topical formulation of tacrolimus. 
After investigating a number of topical formulations, we were able to select an oint- 
ment vehicle as the final formulation that possessed the optimal physicochemical 
characteristics and pharmacokinetic and pharmacodynamic potential in the topi- 
cal treatment of atopic dermatitis. Clinical studies of tacrolimus ointment in atopic 
dermatitis were initiated in Japan in 1992 [17]. Although the early studies were open 
label and small in size [1, 17, 20], tacrolimus ointment showed clear effectiveness, 
prompting the way for the larger studies discussed in detail in further chapters of 
this book. Several generalisations can be made which correlate with the development 
of the product. The minimal absorption of tacrolimus is enhanced on acutely in- 
flamed skin, as reflected by detectable, but not clinically significant, systemic tacro- 
limus levels during the first days of treatment. The percutaneous absorption 
significantly decreases when the skin lesion is healed, probably due to the high 
molecular weight of tacrolimus. This characteristic is an indication that tacrolimus 
ointment is desirable in the acute and chronic intermittent treatment of atopic der- 
matitis, as the drug reaches the target region when inflammation exists. This phe- 
nomenon has been described as a “self-regulatory therapy” [3]. 

In addition, non-treated sites do not improve generally, supporting the assump- 
tion that the action of topical tacrolimus is truly topical, but not systemic. In general, 
systemic absorption is transient, low and detectable in only a small percentage of 
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patients treated with topical tacrolimus, and is simply not an issue. The skin of pae- 
diatric patients is more permeable, reflected in studies showing both greater efficacy 
and somewhat higher levels for the same concentration of tacrolimus. However, 
children with an extremely impaired barrier function, such as with some forms 
of ichthyosis (most dramatically, Nethertons syndrome) and other skin disorders of 
impaired cornification, should be treated cautiously with topical tacrolimus as they 
may develop higher systemic levels. The presence of a normal or thickened stratum 
corneum is an effective barrier to penetration, as shown by in vitro experiments on 
cadaver skin and early clinical trials in hyperproliferative skin disorders such as pso- 
riasis, although systemic tacrolimus is clearly effective for psoriasis. The combina- 
tion of the thickened epidermis and excessive scale perhaps explains the relatively 
reduced cutaneous absorption of tacrolimus and the relative lack of effectiveness of 
topical forms. New treatment approaches involving descaling actions and occlusion 
show promise for the delivery of therapeutic concentrations of tacrolimus beneath 
the stratum corneum. 

Tacrolimus influences a variety of other factors such as lower colonisation levels 
of Staphylococcus aureus in treated skin, perhaps reducing the bacterium’s role as a 
superantigen in atopic dermatitis. Tacrolimus does not appear to be atrophogenic. In 
one experimental study, it was shown not to have any suppressive effect on collagen 
production [19]. In addition, it can modulate keratinocyte growth, perhaps via the 
IL-8 pathway, but is not toxic to these cells [12]. The most typical local side effects are 
symptoms of skin burning and irritation. Standard assessments of the formulation 
using cumulative application supported a limited irritant role but offered no evi- 
dence for a sensitisation potential. The Draize test was negative. Post-treatment pig- 
mentary changes have not been observed in animal models or human subjects. 

Tacrolimus ointment is clearly effective for the treatment of atopic dermatitis. 
Since it has a highly specific action, inhibiting the production of IL-2 and other 
cytokines by Thi and Th2 cells, it is reasonable to postulate that this cytokine 
production is of major pathophysiological significance in atopic dermatitis. All in all, 
tacrolimus ointment is more effective than the mid-potency topical corticosteroids 
and comparable in efficacy to higher potency agents. Topical glucocorticoids have 
both a wide range of action and a variety of side effects such as skin atrophy, striae, 
telangiectases and acneiform eruptions. The excellent safety profile, lack of side ef- 
fects and more precise immunological role of topical tacrolimus appear to offer 
many advantages. 

It is noteworthy that the development of tacrolimus ointment has made major 
contributions not only to the management of atopic dermatitis but also to our un- 
derstanding of this disease. Tacrolimus has triggered a wealth of research that has 
ultimately led to a far better understanding of some critical steps in basic immunol- 
ogy such as the mechanisms of intracellular signal transduction pathways through 
the interactions between tacrolimus, FKBP-12, calcineurin and nuclear factor of 
activated T cells. 
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Introduction 



Atopic dermatitis is a common inflammatory skin disease whose pathophysiology is 
not completely understood. Evidence now strongly points to a role for T cells and 
their cytokines in many phases of atopic dermatitis. Both immediate and delayed 
hypersensitivity seem to be involved, although how they intertwine remains a com- 
plex issue. Th2 cells appear most important in the early stages of atopic lesion devel- 
opment, as their cytokines (IL-4, IL-5 and IL-13) induce eosinophil proliferation and 
IgE production. The binding of allergen to IgE on mast cells triggers the release of 
mast cell mediators. When allergen-IgE complexes attach to the FCeRI and FCeRII 
receptors on Langerhans cells, the magnitude of the response is multiplied. 

Later in the course of the lesion, the Thi cells assume more importance, as their 
cytokines (IL-2, IFN-y and TNF-a) drive the delayed hypersensitivity response. 
In addition, the production of IL-2 and up-regulation of the IL-2 receptor is crucial 
to the development of cytotoxic T cells. This Thi response may be enhanced by sec- 
ondary bacterial and fungal infections of the acute inflammatory lesions. 

With this simple background, it is perhaps easier to understand the profound 
effect of tacrolimus on atopic dermatitis. Tacrolimus was initially identified as a 
bacterial product which was capable of profoundly inhibiting the mixed lympho- 
cyte reaction, an ex vivo measure of delayed hypersensitivity and a surrogate model 
for graft rejection. Further investigations have shown that tacrolimus binds with 
the cytosolic protein macrophilin 12 to form a molecule capable of blocking calcin- 
eurin, so that it cannot dephosphorylate the cytoplasmic subunit of nuclear factor 
of activated T cells (NF-AT). Thus NF-AT cannot enter the nucleus and interact with 
the promoter regions of many cytokine genes (IL-2, IL-3, IL-4, GM-CSF, TNF-a and 
others); this leads to an immunomodulatory effect through interruption of the acti- 
vation of T cells. Tacrolimus has also been shown to inhibit the activation of eosino- 
phils, to depress the antigen-presenting activity of Langerhans cells, and to block 
histamine release from peripheral blood basophils, expanding its role in the model 
of atopic dermatitis [6]. 

It is instructive to also consider cyclosporin A whenever discussing the role of 
tacrolimus in immunosuppression. This older product is also a profound inhibitor 
of T-cell function, binding to a different cytoplasmic protein cyclophilin and then 
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also inhibiting calcineurin and thus blocking NF-AT. Depending on the model used, 
tacrolimus is about 10-100 times more potent than cyclosporin A in inhibiting T-cell 
function. Tacrolimus and cyclosporin A have similar efficacy and safety profiles in 
the prophylaxis and treatment of allograft rejection. Systemic cyclosporin A has 
been approved for the treatment of severe atopic dermatitis in a number of coun- 
tries; tacrolimus is also effective, but regulatory approval has not been sought for 
systemic use in atopic dermatitis, as we have concentrated our efforts on the topical 
product. 

Both tacrolimus (822 Da) and cyclosporin A (1202 Da) are relatively large mole- 
cules in comparison to corticosteroids (about 400-500 Da) and other topical medi- 
cations such as calcipotriol (313 Da) and tretinoin (300 Da). The traditional limit 
of molecular size which can easily penetrate the epidermis is about 500 Da. Thus, 
both tacrolimus and cyclosporin A are somewhat too large. Cyclosporin A was 
not found to be effective when applied topically to patients with atopic dermatitis 
[3]. Because of the greater potency and smaller molecular weight of tacrolimus, it 
seems more promising as a potential topical agent. 

The rationale for the topical formulation and administration of tacrolimus is 
simple: 

Tacrolimus is highly effective in the treatment of atopic dermatitis 
The active ingredient can be delivered directly to the inflamed sites in the skin 
Topical application should minimise the degree of systemic exposure to tacro- 
limus and accordingly reduce the risk of adverse events associated with this 
exposure 



An ointment formulation was chosen rather than a cream, since its occlusive prop- 
erties are usually better suited for treating the chronic lichenified lesions of atopic 
dermatitis [4, 13]. In general, ointments require fewer preservatives and other poten- 
tially sensitising and irritating ingredients than creams. The tacrolimus ointment 
preparation is free of both preservatives and fragrances, offering an additional ad- 
vantage to atopic dermatitis patients. 



Pharmacokinetics 

The pharmacokinetics of tacrolimus ointment have been characterised in a number 
of in vitro studies, as well as in clinical studies performed on both healthy subjects 
and patients with atopic dermatitis. In addition, the systemic pharmacokinetics of 
tacrolimus following both oral and intravenous administration have been exten- 
sively characterised in both healthy subjects and transplant recipients. Although I 
will concentrate on the pharmacokinetics of topical tacrolimus, I will also review the 
relevant systemic parameters when they enhance our understanding of the topical 
system. 
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Systemic Pharmacokinetics 




Figure 6.1. Structure of tacrolimus 



Physicochemical Properties 

Tacrolimus is a macrolide lactone, as shown in Fig. 6.1. The crystalline solid is stable 
under normal conditions but unstable in alkaline surroundings. It is virtually in- 
soluble in water and hexane, but soluble in a range of organic solvents including 
methanol, ethanol, acetone, ethyl acetate and diethyl ether. 



Systemic Pharmacokinetics 

The systemic pharmacokinetics of tacrolimus have been studied in both healthy 
subjects and transplant recipients. Since it is virtually insoluble in water, early stud- 
ies in dogs showed very poor gastrointestinal absorption. A dispersion of tacrolimus 
on hydroxypropyl methycellulose produced a stable product that was well absorbed 
when taken orally. The average oral bioavailability (BA) of the current formulations 
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of tacrolimus is about 20%. When healthy subjects were given a single oral dose of 
0.05 mg/kg, the mean values for the peak concentration (C max ) and time to peak con- 
centration (t m J were =38 ng/mL and 1 h, respectively [12]. In adult renal transplant 
patients with a steady-state dose of 0.15 mg/kg, the values of mean C max , median t max 
and mean AUC (o were 44 ng/mL, 1.5 h and 346 ng.h/mL, respectively (Fujisawa, 
data on file). Area under curve (AUC) is a widely accepted measure of the amount of 
drug in the systemic circulation. The blood concentration-time profile of tacroli- 
mus is shown in Fig. 6.2. 

In paedriatric liver transplant patients, mean C max , f max and AUC (o i2) were 37 ng/mL, 
2.1 h and 252 ng.h/mL [18]. The transplant data are summarised in Table 6.1. 

When administered systemically, tacrolimus binds strongly to both erythrocytes 
and plasma proteins [2, 11]. Therefore, blood tacrolimus levels are an accurate reflec- 
tion of the degree of systemic exposure to tacrolimus. Systemically available tacro- 
limus is metabolised in the liver; the cytochrome P450 3A4 isoenzyme (CYP 3A4) is 
primarily responsible. Eight metabolites have been characterised in vitro; one of 
these has been shown in vitro to retain pharmacological activity comparable to that 
of the parent compound [7, 8], The drug is almost completely metabolised prior to 
elimination from the systemic circulation. 




Time after dosing [hours) 



Figure 6.2. Blood concentration-time profile of tacrolimus following oral administration (0.15 mg/kg 
twice daily; Fujisawa, data on file). 
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Table 6.1. Pharmacokinetic parameters of oral tacrolimus in transplant patients (adapted from [18] 
and Fujisawa, data on file) 





n 


C mj( (ng/mL)' 




AUC 01i (ng.h/ml) 1 


BA [%Y 


Adults 3 (renal) 


18 (total) 








20 ± 11 


0.1 mg/kg/12 hours 




41,2 ± 173 


2.0 

1. 5-4.1 


243.2 ± 85.9 




0.15 mg/kg/12 hours 


7 


443 ± 21.9 


1.5 

QJ-8,0 


3463 ± 167.4 




0.2 mg/kg/12 hours 


6 


68.6 + 12.8 


1.5 

1. 0-8.0 


3633 ± 125.0 




Children (liver) 












After first dose 


16 


37.0 ± 26.5 


2.13=1.3 


252.4 + 167.4 


25 ± 20 



(0.1 S mg/kg/12 hours! 

1 Data are presented as mean values ± standard deviation (SD ); 2 adult data are presented as median values with 
range of individual values, paediatric data are presented as mean values (SD ); 3 steady state, following repeated 
administration. AUC area under curve ; BA bioavailability ; C max peak concentration; t max time to peak concen- 
tration. 



Tacrolimus is a low-clearance drug. In healthy subjects, the average clearance is 
-2.25 L/h, which is less than 3% of the hepatic blood flow. In adult healthy subjects, 
the mean half-life (£ ) is about 40 h [12]. 



Dermal Pharmacokinetics - in Vitro Models 



Diffusion across the non-living outer layer of the skin, the stratum corneum, is usu- 
ally the rate-limiting step for percutaneous absorption [5, 15]. The permeability prop- 
erties of the stratum corneum are unchanged when it is removed from the body, so 
cadaver skin can be employed as an appropriate experimental model to determine 
percutaneous absorption characteristics of topical products. 

The rate and extent of percutaneous absorption of tacrolimus through isolated 
human cadaver skin preparations were assessed ex vivo using a Franz diffusion cell 
(Fujisawa, data on file) (Fig. 6.3). The membrane can be either a skin preparation as 
discussed below or an artificial barrier. A fixed amount of a given chemical, such as 
tacrolimus, is placed in the donor chamber and the contents of the receptor cham- 
ber are sampled at fixed time intervals to determine passage of the molecule across 
the membrane. In this series of studies, absorption parameters were measured fol- 
lowing a single application of the following: 

a) 0.03%, 0.1% or 0.3% tacrolimus ointment to intact human epidermis with stratum 
corneum (prepared by separating the epidermis and dermis in a 70 °C water bath) 



Diffusion across the non- 
living outer layer of the 
skin, the stratum corneum, 
is usually the rate-limiting 
step for percutaneous 
absorption 
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Mean cumulative penetration -03% tacrolimus ointment 
to isolated human epidermis 

20 “i 

16 - 







Intact Epidermis 

epidermis without SC 



Figure 6.3. Percutaneous absorption characteristics of tacrolimus ointment ex vivo (Fujisawa, data on 
file). SC stratum corneum 



b) 0.3% tacrolimus ointment to intact skin sections (sections 400 pm thick includ- 
ing the stratum corneum, epidermis and superficial dermis) 

c) 0.3% tacrolimus ointment to skin sections devoid of stratum corneum [prepared 
as in (b), but then the stratum corneum is removed] 

The temperature of the system was 31 °C (the normal human skin temperature). The 
rate and extent of penetration through intact epidermis were low but highly variable. 
The rate of penetration increased with increasing concentration of the tacrolimus 
ointment. The rate of tacrolimus penetration was approximately sevenfold higher 
in skin sections devoid of stratum corneum compared with intact skin (see Fig. 6.3). 
This difference indicates that in the case of tacrolimus ointment, the intact stratum 
corneum is the main rate-limiting barrier to cutaneous permeability. There is also 
no evidence of a depot effect. 
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In Vitro Metabolism of Tacrolimus by Human Skin 

The ability of human skin to metabolise tacrolimus was investigated in vitro using 
14 C-labelled tacrolimus (Fujisawa, data on file). Freshly prepared human skin homo- 
genates were incubated with 14 C-tacrolimus at 37 °C in the presence of NADPH as a 
catalyst for up to 60 min. After termination, the incubates were extracted with ethyl 
acetate and a mass balance for the system was determined. The extracts were first 
assayed by HPLC (high-pressure liquid chromatography) with an on-line detector 
for total radioactivity. The mean recovery of radioactivity was 100%. While this sys- 
tem is sensitive enough to detect a 1% conversion of the labelled tacrolimus to its 
metabolites, we failed to identify any such changes. Then HPLC-MS/MS (-mass spec- 
troscopy/mass spectroscopy) was performed for tacrolimus and two of its known 
metabolites, M-I and M-II. This complex procedure confirmed that all the radioac- 
tively labelled material which was recovered was indeed tacrolimus. The viability of 
the skin homogenates was confirmed by the presence of phenylacetate esterase and 
NADPH cytochrome c reductase activity. 

There was no evidence of in vitro metabolism of 14 C-tacrolimus by fresh human 
skin at any of the time points investigated. The M-I and M-II metabolites were not 
detected, and recovery of radioactivity from the incubates was essentially complete. 
These results indicate conclusively that tacrolimus is not metabolised by human skin 
to any of the known major hepatic metabolites. 



Pharmacokinetics of Tacrolimus - Topical Application 

The pharmacokinetics of tacrolimus following topical application of the ointment 
have been evaluated in normal healthy subjects and in patients with moderate to 
severe atopic dermatitis during studies conducted in both Europe and the USA. 



Pharmacokinetics - Healthy Adult Subjects 

In healthy volunteers, the systemic penetration of tacrolimus was found to be very 
low following topical application of 0.03%, 0.1%, and 0.3% tacrolimus ointment to a 
body surface area (BSA) of 1000 cm 2 once daily for 14 days (Fujisawa, data on file). 
Tacrolimus was present in the blood at detectable levels only sporadically in a few of 
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the subjects. The highest C max observed at any time was 0.127 ng/mL. This confirmed 
the in vitro observation that penetration of tacrolimus through intact skin was mini- 
mal and that therefore systemic exposure was also minimal. Systemic toxicity was 
not observed. 



Pharmacokinetics - Patients with Atopic Dermatitis 

Even though there is a theoretical risk of greater absorption through diseased or 
damaged skin, all studies to date indicate that the systemic absorption of topically 
applied tacrolimus is minimal. In one study, 0.3% tacrolimus ointment (a tenfold 
higher dose than that contained in the weakest commercial product) was applied to 
100 to 5000 cm 2 (equivalent to 0.5 to 27.0% BSA) of skin of patients with moderate 
to severe atopic dermatitis. It was applied once daily on days 1 and 8, and twice daily 
on days 2-7. Systemic exposure was low but did tend to increase with increasing treat- 
ment areas [1]. In adults (72=31 with treatment areas up to 5000 cm 2 ), the mean C max 
ranged from o.2±o.2 to 3-3±3.i ng/mL and the mean AUC o 24 ranged from 2.2±o.8 to 



Table 6.2. Pharmacokinetic parameters of 0.3% tacrolimus ointment in atopic dermatitis patients [1] 



Patients Treatment area 

(% BSA) 


n 


Study day 




(ng.li/ml) 1 




(ng/ml)’ 




«W' 




Adults Group A (0.5) 


6 


Day 1 


3.7 


± 


43 


0.4 


± 


0.4 


4.8 


+ 


3.7 






Day 8 


2.2 


± 


0,8 


0.2 


± 


0.1 


5.7 


± 


3.6 


Group B (0.5) 


7 


Day 1 


15.2 


± 


12,2 


1.4 


± 


0.9 


6.0 


± 


3.5 






Day 8 


14.9 


± 


13.6 


0.9 


± 


0.9 


6.9 


± 


3.2 


Group C (2.4) 


6 


Day! 


2.4 


+ 


2.0 


0.2 


± 


0.1 


6.0 


± 


4.2 






Day8 


3.1 


+ 


4.4 


0.2 


+ 


0.2 


3.5 


+ 


4.4 


Group D (5) 


6 


Day 1 


16.1 


± 


20.7 


1.2 


± 


1.4 


6.0 


± 


3.1 






Day 8 


8,8 


+ 


12.2 


0.6 


± 


0.6 


5.3 


± 


3.5 


Group E (27) 


6 


Day 1 


42.5 


± 


37.1 


3.5 


+ 


3.1 


6.3 


+ 


3.2 






Day 8 


27.3 


± 


34.0 


1.4 


+ 


1.5 


4.8 


± 


3.9 


Children (0.7) 


4 


Day 1 


17.3 


± 


10.7 


1.9 


± 


13 


5.0 


+ 


2.0 


(5-6 yrsj 




Day 8 


3.7 


± 


2.5 


0.2 


± 


0.1 


43 


± 


2.9 


Children (0.8) 


4 


Day 1 


0.9 


± 


1.0 


0.1 


± 


0.1 


2.5 


± 


1,7 


(7- <12 yrs.) 




Day 8 


1,9 


+ 


1.2 


0.2 


± 


03 


2,5 


± 


1.7 



1 Data are presented as mean values ± standard deviation. BSA body surface area; AUC area under curve ; C max peak 
concentration; t max time to peak concentration. 
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42.5±37.i ng.h/mL. In children (5-12 years of age, n=8 with 100 cm 2 treatment area), 
the mean C max ranged from o.i±o.i to 1.911.3 ng/mL and the mean AUC o _ 24 ranged 
from o.9±i.o to 17.3110.7 ng.h/mL. These data are summarised in Table 6.2. 

More recently, we performed additional detailed pharmacokinetic studies on 
tacrolimus ointment in adults and children with moderate to severe atopic derma- 
titis. A group of 32 adults applied 0.1% tacrolimus ointment b.i.d. for 2 weeks [16]. Pa- 
tients were stratified into three groups based on body surface area treated: group A, 
<3000 cm 2 ; group B, 3000-6000 cm 2 ; and group C, 6000-10 000 cm 2 . Serial blood 
samples to define blood concentration-time profiles were collected at days 1, 4 and 
14 and assayed by HPLC-MS/MS. The systemic exposure to tacrolimus (AUC o i2 ) was 
low and highly variable. Overall, 96% of the blood samples had tacrolimus levels 
under 1 ng/mL (Fig. 6.4). The AUC values increased as larger areas were treated; the 
values on day 1 were 1.1, 1.6 and 4.8 ng.h/mL; on day 4, 2.1, 3.9 and 10.2 ng.h/mL; and 
on day 14, 1.7, 1.5, and 5.4 ng.h/mL (Table 6.3). A similar pattern was seen with C max 
values. In addition, the £ was approximately 76 h on day 14, compared with a £ /2 of 
44 h for intravenously administered tacrolimus. This apparent increase in the £ is 
“absorption rate limited”. As the skin heals, there is less absorption, in almost a self- 
regulatory pattern, and thus proportionately more elimination. On day 14, the AUC 
values for topical application of tacrolimus were about 1.5% of that seen after oral 
administration [16]. 
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Figure 6.4. Blood concentration-time profile of tacrolimus in adult patients using 0.1% tacrolimus 
ointment with treated body surface area up to 10 000 cm 2 [16]. SEM standard error of the mean 
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Table 6.3. Pharmacokinetics of 0.1% tacrolimus ointment in adult atopic dermatitis patients [16] 
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Group A 
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Group A 
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± 


038 


4 


5.4 d 


: 2.8 



1 Data are presented as mean values ± standard deviation; 2 data are presented as median values. 



Children 



There Is no evidence of 
systemic accumulation 
after repeated dosing 



In children, the results were similar. There is always greater concern about 
absorption in children because their skin shows greater absorption of a variety of 
topically applied agents. We studied 39 paediatric patients who also applied 0.1% 
tacrolimus ointment b.i.d. for 2 weeks and were stratified in a similar fashion based 
on body surface area treated. The same trends as those seen in adults were observed; 
92% of all blood samples contained tacrolimus levels below 1.0 ng/mL, and 17% were 
below the assay sensitivity limits. Figure 6.5 shows the AUC o _ 12 in the children treat- 
ing the largest surface area on days 1 and 14. It clearly shows how low the mean lev- 
els are and impressively demonstrates the differences in the AUC for topical 0.1% 
tacrolimus ointment at days 1 and 14 in children, compared with systemic exposure. 
In children the AUC values were about 3.0% of those seen with oral administration. 
Both of these studies confirm that systemic exposure is very low for 0.1% tacrolimus 
ointment, that it tends to rise with increasing area treated and that there is no evi- 
dence of systemic accumulation after repeated dosing [17]. 

Systemic exposure (AUC o 24 ) following repeated daily application for 14 days 
was lower than that after first application, indicating that systemic accumulation 
does not occur. The systemic exposure because of absorption of topical tacrolimus 
is a very small fraction (<3%) of that seen with oral administration. 

Twelve clinical studies which included a total of 2015 adult and paediatric 
atopic dermatitis patients treated with o.03%-o.3% tacrolimus ointment included 
measurements of whole blood tacrolimus concentrations. Treatment areas were up 
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to 100% of the entire body surface with treatment periods of up to 1 week (n= 40), 
3 weeks (72=659), 12 weeks (22=443) and 12 months (72=873). In these 2015 patients, 
the maximum tacrolimus concentration was <0.5 ng/mL in 60.5%, o.5<i.o ng/mL in 
20.6%, i.o<2.o ng/mL in 10.9% and 2.o<5.o ng/mL in 6.7%. Only 1.3% of the patients 
had a blood tacrolimus concentration greater than 5.0 ng/mL at any time during the 
study [14]. In those patients who experienced a measurable tacrolimus concentra- 
tion, the systemic exposure was transient, decreasing as the damaged atopic skin 
healed. For comparison, to prevent allograft rejection, the desired trough or pre- 
dosing concentration C min ranges from 5 to 20 ng/mL. Such levels are recommended 
for the lifetime of the transplant recipient (Fujisawa, package insert for Prograf®). 
Thus the systemic exposure to tacrolimus observed in these extensive studies can be 
regarded as minimal and unlikely to be of any clinical significance. The only cases 
of systemic exposure of potential clinical systemic significance were two patients in 
a Japanese pharmacokinetic study who experienced a transient level of 20 ng/mL 
after whole-body application of 0.1% tacrolimus ointment [10]. These two individuals 
represent less than 0.1% of the total treated population worldwide, had the maxi- 
mum reported levels and experienced no serious adverse reactions. 




Figure 6.5. Comparison of AUC values in paediatric patients administered topical versus systemic 
tacrolimus [17]. AUC area under curve 
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Potential for Interaction with Other Medications 

Since tacrolimus is not metabolised in human skin, there is no potential for percu- 
taneous interactions that could affect its metabolism. Systemically available tacro- 
limus is metabolised by the hepatic isoenzyme CYP 3A4 [9]. Since the systemic levels 
of tacrolimus are so low following topical application, interactions with agents which 
inhibit CYP 3A4 are unlikely. Nonetheless, this possibility cannot be entirely ex- 
cluded, and thus the concomitant systemic use of potent CYP 3A4 inhibitors (e.g. 
erythromycin, itraconazole and ketoconazole) should be avoided, or they should be 
administered with caution to patients with widespread or erythrodermic skin dis- 
ease receiving tacrolimus ointment. 
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Tacrolimus as an Immunomodulator 

1 Assmann, B. Homey, T. Ruzicka 



The immunopharmacological modulation of the immune response plays a key role 
in transplantation medicine. During the first 30 years of organ transplantation gluco- 
corticosteroids and cytotoxic substances, such as azathioprine and cyclophospha- 
mide, were the drugs most frequently used to prevent graft rejection. The introduc- 
tion of cyclosporin in the year 1983 marked a quantum leap and augmented the rate 
of successful organ transplantation remarkably. The search for safer immunomodu- 
latory drugs led to the discovery of tacrolimus. Tacrolimus is a powerful immuno- 
modulator, as demonstrated by its ability to prevent graft rejection following organ 
transplantation. Although the two macrolactam immunomodulators tacrolimus and 
cyclosporin differ considerably in structure, they reveal rather similar modes of ac- 
tion and side effects. However, the immunomodulatory effects of tacrolimus in vitro 
are 10 to 100 times more potent than those of cyclosporin [13, 30]. As clinical trials 
with tacrolimus in transplantation continued, incidental improvement of co-existing 
dermatoses was seen in many cases. 

These findings initiated experimental investigations in cutaneous permeation 
studies to find out whether tacrolimus could also exert its immunomodulatory ef- 
fects as a topical agent. In contrast to cyclosporin, tacrolimus is available as a formu- 
lation approved for topical use in atopic dermatitis. Several studies suggest that 
topical FK506 penetrates human skin in amounts exceeding those of topical cyclo- 
sporin, which is assumed to be due to its lower molecular weight [14]. Further inves- 
tigations confirmed its potency to penetrate human skin [15]. However, there is a 
difference between penetration into healthy and into damaged skin, the latter case 
resulting in an increased systemic absorption which can be measured in the blood. 
Indeed, it seems that there is minimal or no penetration of intact skin, whereas sys- 
temic levels may be relatively high after application to large sites of damaged skin, 
as was seen in patients with Netherton’s syndrome [2], which is a rare autosomal 
recessive disorder characterised by the concurrence of ichthyosis, a structural hair 
shaft anomaly, and atopy. 

Evaluating the safety of tacrolimus ointment, Alaiti et al. showed that the tacro- 
limus absorption in patients who displayed measurable blood levels tended to de- 
cline with repeated application, which was consistent with the clinical improvement 
of atopic dermatitis lesions [1]. 
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Mode of Action of Tacrolimus Ointment 

The mechanisms of action of tacrolimus have been investigated in a variety of in 
vitro and in vivo studies in the years since its discovery. The drug exerts its major 
therapeutic effects by inhibiting T-cell activation. Other cells of the cutaneous im- 
mune system, such as B cells, antigen-presenting dendritic cells (DC), basophils or 
mast cells, and keratinocytes, have also been shown to be targets of topical tacro- 
limus. 



Biochemical Mechanisms of Action Studied in T Cells 

During T-cell activation tacrolimus acts at an early point, which lies between recep- 
tor binding of antigen and the nuclear transcription of proinflammatory cytokine 
genes. After diffusion across cell membranes tacrolimus binds to a class of cyto- 
plasmic immunophilins, so-called FK506 (tacrolimus) -binding proteins (FKBPs; 
Fig. 7.1). These FKBPs are peptidyl-prolyl cis - trans isomerases (PPIs), which are 




NFAT n 




NFAT n NFAT C 




NFAT 



IL-2gene 



Figure 7.1. Mechanism of action of tacrolimus in T cells. APC antigen-presenting cell, c cytoplasmic, 
CaM calmodulin, FKBP-12 tacrolimus binding protein, IL interleukin, MHC major histocompatibility 
complex, n nuclear, NFAT nuclear factor of activated T cells, P phosphate, TCR T-cell receptor 



112 






Mode of Action of Tacrolimus Ointment 



ubiquitous in the cytoplasm. PPIs catalyse the slow cis <-> trans isomerisation by 
Xaa-proline peptide bonds in short synthetic peptides, and this isomerisation is con- 
sidered to accelerate the rate of protein folding. The isomerase FKBP-12 (also called 
macrophilin 12), a 12-kDa protein, is the predominant FKBP for tacrolimus. The 
binding of tacrolimus to FKBP-12 blocks its isomerase activity. The inhibition of 
isomerase activity by tacrolimus was shown to be due to the fact that the drug con- 
tains a structure, which is a transition state mimicking a peptidyl-prolyl bond under- 
going isomerisation. Consequently, the drug-receptor complex of tacrolimus and 
FKBP-12 binds to calcineurin, a serine-threonine phosphatase, which is Ca 2+ and 
calmodulin-dependent. Calcineurin dephosphorylates the cytoplasmic subunit of 
the nuclear factor of activated T cells (NF-ATp), which is a transcription factor that 
promotes cytokine transcription. If the phosphatase activity of calcineurin is 
blocked by tacrolimus, NF-ATp is not able to translocate into the nucleus to form 
a complex with the nuclear subunit of the transcription factor, NF-ATn. This com- 
plex is essential for the transcription of the interleukin (IL)-2 gene, which is the key 
factor for T-cell proliferation and differentiation. The presence of IL-2 directly up- 
regulates both the level of mRNA and the cell surface molecule of its receptor, IL-2R, 
on T cells. Since tacrolimus has been shown to act as an inhibitor of both IL-2 and 
IL-2R expression, it exerts potent inhibitory effects on T-cell-mediated immune 
responses. Furthermore, tacrolimus interferes with the transcription of other pro- 
inflammatory cytokines, such as IL-3, IL-4, IL-5, interferon (IFN)-y, tumour necrosis 
factor (TNF)-a and granulocyte-macrophage colony-stimulating factor (GM-CSF), 
which are regulated via the NF-ATp pathway [31, 34]. 

Thus, as shown by these biochemical findings, tacrolimus is able to down-regu- 
late the transcription of several proinflammatory mediators in T cells. These inhibi- 
tory stimuli on T-cell proliferation and differentiation are all the more important for 
the clinical use of tacrolimus ointment, because T cells have been shown to play a 
major role in the pathogenesis of atopic dermatitis [7]. 



Further In Vitro and Ex Vivo Findings 

Several studies have demonstrated that tacrolimus exerts its immunomodulatory 
effects not only on T lymphocytes but also on a variety of different cell types which 
play a role in immune responses (Fig. 7.2). 

Effects on Cytokine Expression 

Several experiments have been performed to demonstrate the effects of tacrolimus 
on cytokine expression with relevance to the pathogenesis of atopic dermatitis. 

In vitro experiments of peripheral blood mononuclear cells (PBMC) of atopic 
patients with moderate eosinophilia were carried out to investigate the effects of 
tacrolimus on allergen-induced IL-5 production. Stimulation with phorbol ester 
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Figure 7.2. Immunomodulatory effects of tacrolimus on different cell types. APC antigen-presenting 
cell 



and ionomycin produced significantly higher amounts of IL-5 compared with that of 
normal subjects. IL-5 induction in vitro was completely inhibited by tacrolimus. 
Considering that IL-5 is produced in increased amounts by Th2 cells in lesional skin 
and peripheral blood in acute atopic dermatitis, these results confirmed the direct 
interaction of tacrolimus with gene transcription of proinflammatory cytokines, and 
prompted investigations on the influence of tacrolimus ointment on cytokine ex- 
pression in human skin [20]. 

Further studies on the effects of tacrolimus on cytokine expression were per- 
formed with regard to the pathogenesis of psoriasis, which has been shown to re- 
spond to the oral form of tacrolimus [35]. IL-8 is chemotactic for neutrophils and 
influences keratinocyte functions, such as expression of HLA-DR molecules and 
keratinocyte growth. Furthermore, it has been identified as the most strongly over- 
expressed factor in psoriatic skin. Like all cytokines, IL-8 functions via binding to 
specific surface receptors on target cells. Clinical studies have shown high IL-8/IL-8R 
expression in psoriasis and its response to oral tacrolimus therapy. In cultured 
human keratinocytes, treatment with tacrolimus caused a dose-dependent decrease 
in the expression of IL-8 and a clear decrease in the levels of IL-8R mRNA and 
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protein. In addition, in vitro experiments showed a tacrolimus-induced increase of 
the negative regulator of the cell cycle, p53, which is decreased in psoriatic skin com- 
pared with uninvolved skin [1 6, 18, 19, 32]. 

Comprehensive investigations on cytokine expression in skin and the effects of 
topical tacrolimus have been performed in experiments in mice in vivo (see below). 



Effects on 8 Cells 

The role of B cells in the pathogenesis of atopic dermatitis is related mainly to their 
IgE production, which has been shown to be particularly high in B7.2+ B cells. Apart 
from T cells, B cells have also been shown to be a target for tacrolimus, although to 
a minor degree. Early in vitro experiments on the effect of tacrolimus on activation, 
proliferation and differentiation of human B lymphocytes have been performed 
within the scope of transplantation studies. Tacrolimus down-regulated the prolif- 
erative response of resting B cells induced by Staphylococcus aureus Cowan strain I 
(SAC) and phorbol myristate acetate (PMA) in a dose-dependent manner. In addi- 
tion, the proliferative response of in vivo-activated B cells and lymphokine- driven 
B-cell proliferation were also found to be sensitive to tacrolimus. These results indi- 
cated that tacrolimus has effects on the different stages of B-cell maturation [21]. 

Effects on Basophils/Mast Cells 

Basophilic leucocytes and tissue mast cells appear to be potent effector cells in in- 
flammatory skin diseases. Despite structural similarity they synthesise different 
mediators and have different release mechanisms. Several cytokines (IL-3, IL-5 
and GM-CSF) lead to their differentiation. After stimulation of the high-affinity IgE 
receptor (FceRI) they secrete proinflammatory mediators, such as histamine, cyto- 
kines and leucotrienes. In atopic dermatitis there is an increased spontaneous hista- 
mine release from basophilic granulocytes in the peripheral blood, and an increased 
number of fully granulated mast cells in chronic lichenified lesions. Thus, inhibi- 
tion of basophil and mast-cell activity may be necessary for the therapy of atopic 
dermatitis. 

As mast cell stabilisers have been shown to be rather ineffective in atopic der- 
matitis, other specific substances are required which are able to exert inhibitory 
modulation of mediator release from mast cells and basophils. 

With a view to developing active compounds, several in vitro studies have fo- 
cused on the mechanisms of tacrolimus on basophils and mast cells. 

De Paulis et al. investigated the effects of tacrolimus on the release of pre-formed 
(histamine) and de novo synthesised inflammatory mediators (prostaglandin D2) 
from mast cells isolated from human skin tissue. Tacrolimus concentration-depen- 
dently inhibited histamine release from skin mast cells activated by anti- IgE. The 
drug was more potent in skin mast cells than in basophils, whereas the maximal 
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inhibitory effect was higher in basophils than in skin mast cells. Tacrolimus also 
impaired the de novo synthesis of prostaglandin D2 from skin mast cells challenged 
with anti-IgE. These investigations indicate that tacrolimus is a potent anti-inflam- 
matory agent acting on skin mast cells, presumably by binding to the FKBP-12 [4, 5]. 

The histamine release from basophilic granulocytes is influenced by various 
stimuli. IL-3, a T-cell-derived multipotent cytokine, enhances histamine release from 
peripheral blood leucocytes induced by anti-IgE or allergen and leucotriene genera- 
tion. Therefore, the inhibitory or enhancing effects on anti-IgE-mediated histamine 
release of tacrolimus and IL-3 have been investigated in vitro with respect to the se- 
quence of incubation. The enhancing effect of IL-3 on histamine release was dimin- 
ished when basophils were first incubated with tacrolimus. However, if the cells were 
preincubated with IL-3, the inhibitory effects of tacrolimus on anti-IgE-induced his- 
tamine release could be reversed. These findings suggest that immunomodulatory 
treatment to inhibit mediator release should take place before mediator-producing 
cells (mast cells/basophils) have been exposed to proinflammatory cytokines [6]. 

Protein Fv (pFv) is a potent stimulus for histamine and IL-4 release from baso- 
phils, too. The effects of preincubation of cyclosporin and tacrolimus on the release 
of histamine and on the secretion of IL-4 from purified basophils activated by pFv 
were investigated by Patella et al. in vitro. IL-4 mRNA, which is constitutively present 
in basophils, was increased after stimulation by pFv. Tacrolimus exerted inhibitory 
effects on the pFv-induced release of histamine and secretion of IL-4 from human 
basophils. Tacrolimus appeared to be 10 times more potent than cyclosporin. These 
findings indicate that tacrolimus exerts inhibitory effects on the secretion of IL-4 
from FceRI + cells in basophil-dependent inflammatory reactions [23]. 



Effects on Epidermal A n tigen - Presen ting Cells 

Although tacrolimus exerts its immunomodulatory effects primarily on T lympho- 
cytes, epidermal antigen-presenting cells (APC) are targets of the drug as well. Ex- 
periments on epidermal Langerhans cells (LC) showed that the intracellular FKBP-12 
is expressed in freshly isolated LC but not while they are differentiating into mature 
dendritic cells. Tacrolimus inhibited the expression of IL-2R (CD25) and of the co- 
stimulatory molecules CD80 (B7.1) and CD40. Expression of MHC class I and II 
was also affected, whereas CD86 (B7.2) expression was not altered. Thus, tacrolimus 
effects alterations of the expression of different co-stimulatory molecules and recep- 
tors on LC, which appear to be direct targets in the treatment of inflammatory skin 
diseases [22]. 

In atopic dermatitis epidermal antigen-presenting dendritic cells, i.e. LC and the 
so-called inflammatory dendritic epidermal cells (IDEC), express the high-affinity 
receptor for IgE (FceRI), which is thought to contribute to the pathogenesis of the 
disease. In contrast to mast cells and basophils, the FceRI on APC shows structural 
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and functional differences. It consists only of a minimal structure of one a- and two 
y-chains and enables APC to efficiently take up and present antigen in IgE-mediated 
delayed-type hypersensitivity reactions that are thought to play a pathogenetic role 
in atopic diseases. 

Ex vivo experiments were performed on epidermal CDia+ cells which were 
isolated from biopsies of lesional and non-lesional skin of ten patients with atopic 
dermatitis during treatment with topical tacrolimus. Untreated lesional skin was 
characterised by a high proportion of CDia+ cells. The CDia+ population consisted 
of LC and IDEC, which displayed a high expression of the FceRI. In treated lesions 
tacrolimus led to a decrease of CDia+ cells, due mainly to a decrease of IDEC. The 
reduction of CDia+ cells was associated with down-regulation of the FceRI on both 
LC and IDEC. Furthermore, epidermal DC from untreated lesional skin exhibited 
high stimulatory activity towards autologous T cells, which was markedly impaired 
after treatment with tacrolimus. Thus, these ex vivo investigations suggest that epi- 
dermal CDia+ DC may represent a target for topical tacrolimus in the treatment of 
atopic dermatitis [36]. 

Effects on Superantigens 

The role of skin colonisation by superantigen-producing Staphylococcus aureus in 
the pathogenesis of atopic dermatitis has gained increasing interest in recent years. 
A group of staphylococcal toxins is known to act as superantigens stimulating acti- 
vation of T cells and macrophages and amplifying the initial cutaneous inflam- 
mation in atopic dermatitis by various mechanisms. The degree of skin colonisation 
has been found to be associated to disease severity. Larger clinical studies [26, 29] 
have not shown an increased risk of bacterial infection due to tacrolimus ointment. 
In contrast, tacrolimus ointment has been shown to reduce staphylococcal coloni- 
sation of skin in patients with atopic dermatitis. The drug led to an improvement in 
the eczema score and skin-barrier function. The fact that topical tacrolimus, which 
has no direct inhibitory effect on bacteria, causes a reduction in Staphylococcus 
aureus colonisation suggests that these effects are immunomodulatory rather than 
immunosuppressive [28]. Another study in 11 patients with atopic dermatitis dem- 
onstrated similar effects [24]. 

Experiments on the mechanisms of tacrolimus concerning the reduction of sta- 
phylococcal skin colonisation demonstrated that, unlike dexamethasone, tacrolimus 
had a marked inhibitory stimulus on peripheral blood mononuclear cell (PBMC) 
proliferation induced by staphylococcal enterotoxin B (SEB). Since superantigen- 
induced shock is mediated by NF-AT, tacrolimus might exert its inhibitory effects 
on SEB-induced stimulation of PBMC in atopic dermatitis via the NF-AT path- 
way [8], 
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The fact that glucocorticosteroid receptors do not seem to be crucial in this path- 
way of superantigen-mediated immune responses might explain why some patients 
with atopic dermatitis respond well to topical tacrolimus although they are unre- 
sponsive to glucocorticosteroids [27]. 



In Vivo Studies in Animals 

The in vivo effects of topical tacrolimus on T lymphocytes in the cutaneous immune 
system have been intensively investigated in an animal model of oxazolone-induced 
contact hypersensitivity, the local lymph node assay (LLNA). The LLNA serves as a 
tool to analyse the immunomodulatory effects of topical tacrolimus on immune 
mechanisms, which might also be relevant in inflammatory skin diseases such as 
atopic dermatitis [11]. 

The effects of topical tacrolimus were analysed with regard to mRNA production 
of proinflammatory key cytokines in epidermal and lymph node cells. Furthermore, 
the effects on cytokine production by CD4+ T lymphocytes and on cell surface mar- 
ker expression on antigen-presenting cells and CD4+ T lymphocytes were system- 
atically investigated. 

Treatment with oxazolone, a standard contact sensitiser, alone resulted in an in- 
creased expression of the following cytokines in epidermal cells: GM-CSF, TNF-a, 
macrophage inflammatory protein (MIP)-2 (mouse/rat homologue to IL-8), IFN-y, 
IL-ia and IL-ip. Additional treatment with 1% tacrolimus ointment resulted in a de- 
crease of the mRNA expression of these cytokines as compared with control groups. 
These findings show that epidermal (TNF-a, IL-ia, IL-ip, MIP-2) and T-cell-derived 
(IFN-y) cytokines, which are expressed in the epidermis early during the induction 
of cutaneous immune responses, are down-regulated by topical tacrolimus. 

In local draining lymph node cells the expression of IL-2, IFN-y, IL-12P35, 
IL-i2p40 and IL-4 mRNA was down-regulated by tacrolimus during primary contact 
hypersensitivity. Thus, topical tacrolimus was effective in down-regulating IL-12, 
which is produced by macrophages and dendritic cells, and acts as an inductor of Thi 
cells. Furthermore, it was able to down-regulate both Thi (IL-2, IFN-y) and Th2 
(IL-4) cytokine expression. Flow-cytometric analyses of intracytoplasmic cytokine 
production (IFN-y; IL-4) confirmed these results. 

Apart from cytokines, the expression of co-stimulatory molecules such as B7-1 
(CD80) and intercellular adhesion molecule (ICAM)-i (CD54) is necessary for 
successful antigen presentation. Topical tacrolimus decreased the expression of co- 
stimulatory molecules on I-A+ (murine homologue to MHC class II) cells in epider- 
mis and local lymph nodes as a sign of impaired activation and maturation of 
antigen-presenting cells. 
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Proliferation and differentiation of antigen-specific CD4+ cells during the induc- 
tion of hypersensitivity responses is regulated by IL-2. This cytokine also promotes 
the expression of the IL-2R (CD25) on CD4+ cells, and consequently leads to their 
clonal expansion. Topical tacrolimus caused a marked decrease of CD25 on CD4+ 
cells in local lymph nodes. 

Furthermore, tacrolimus was also able to down-regulate associated activation of 
B lymphocytes, which also play a role during the induction of allergen-induced cuta- 
neous immune responses, since their activation is partly mediated by Th2 cytokines. 

Another study examined the effect of tacrolimus ointment (0.1-1%) on spontane- 
ous dermatitis in NC/Nga (NC) mice. Topical tacrolimus led to a reduction of in- 
creased numbers in CD4+ T cells, mast cells, eosinophils, and intensity of immuno- 
staining of cytokines, such as IL-4 and IL-5, in the skin of the NC mice. In summary, 
these results with an ointment formulation of tacrolimus confirmed the effects of 
tacrolimus solution seen in the LLNA: inhibition of the activation of inflammatory 
cells and blocking of the cytokine network in the skin [9]. 



Different Effects of Tacrolimus on Different Cell Types with Relevance 

for Atopic Eczema and Other Inflammatory Skin Disorders 

T cells and cytokines 

■ In vitro inhibition of T-cell activation and proliferation by down-regulat- 
ing the transcription of the IL-2 gene [30] 

■ Down-regulated transcription of further early activation genes in vitro; 
IL-3, H-4> IL-5, IFN-y, TNF-a, GM-CSF [31, 34] 

■ Inhibited allergen -induced IL-5 production in vitro [20] 

■ Increased expression of IL-8 and IL-8R expression in cultured keratino- 
cytes [16, 32] 

■ Down-regulation of allergen -induced expression of pro inflammatory cyto- 
kines in vivo in epidermal cells (TNF-ot, Il-ia, IL-ip, MIP-2, and IFN-y) 
and local draining lymph node cells (IL-2, IFN-y, IL-i2p35, IL-i2p40, and 
IL-4) [ill 

■ Decreased epidermal T-cell infiltration in primary contact hypersensitiv- 
ity responses in vivo [11] 

■ Decreased T-cell activation/expression of IL-2R on CD4+ cells in local 
draining lymph nodes in primary contact hypersensitivity responses in 
vivo [11] 

B cells 

■ Inhibition of the proliferative response of in vivo -activated B cells and 
lymphokine-driven B-cell proliferation [21] 

■ Down -regulation of associated B-cell activation in a murine primary com 
tact hypersensitivity model in vivo [n] 
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Mast cells/basophils 

■ Concentration -dependent inhibition of histamine release from skin mast 
cells activated by anti-lgE [4, 5] 

■ Concentration-dependent inhibition of histamine release from basophils 
activated by IgE [4, 5] 

■ Inhibition on the IL-3-enhanced histamine release from basophils [6] 

■ Inhibitory effects on the pFv-induced release of histamine and secretion 
of IL-4 from human basophils [23] 

Dendritic cells (DC)/antigen-presenting cells {APC) 

■ Decreased expression of MHC class II and co-stimulatory molecules on 
APC in primary contact hypersensitivity responses in mice in vivo [11] 

■ Inhibition of the expression of IL-2R {CD25) and of the co-stimulatory 
molecules CD80 (B7.1) and CD40 on human epidermal Langerhans cells 
(LC) [22] 

■ Depletion of inflammatory dendritic epidermal cells (IDEC) from the epi- 
dermal DC population after topical treatment in AD patients [36] 

■ Decrease of FCeRI on epidermal CDia+ DC after topical treatment in AD 
patients [36] 

Super antigens 

■ Inhibitory stimulus on peripheral blood mononuclear cell (PBMC) pro- 
liferation induced by staphylococcal enterotoxin B [8] 

■ Reduction in Staphylococcus aureus colonisation in atopic dermatitis 
patients after topical treatment [24, 28] 



Differentiation of Topical Tacrolimus 
from Topical Glucocorticosteroids 

General Mode of Action of Glucocorticosteroids in Skin 

Topical and systemic glucocorticosteroids play an important role in the therapy 
of inflammatory skin disorders, such as atopic dermatitis, because they are potent 
inhibitors of immune responses. These drugs exert their effects in human skin by 
mechanisms which are different from tacrolimus, as their modes of action are anti- 
inflammatory, antiproliferative and immunosuppressive. 
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The activity of glucocorticosteroids is influenced by their molecular structure, 
and much of their action is mediated through binding to specific glucocortico- 
steroid receptors in the cytoplasm of cellular targets in skin. After receptor binding 
the glucocorticosteroid-receptor complex translocates into the nucleus and binds to 
regulatory elements on specific DNA segments, thereby altering gene transcription. 
Investigation with immune cells showed that glucocorticosteroids inhibit synthesis 
of almost all known cytokines and of several cell surface molecules required for 
immune function. The exact mechanisms remained unclear for many years. Gluco- 
corticosteroids are potent inhibitors of nuclear factor kB (NF-kB) activation in mice 
and cultured cells. This inhibition is mediated by induction of the IkB alpha in- 
hibitory protein, which traps activated NF-kB in inactive cytoplasmic complexes. 
Because NF-kB activates many immunoregulatory genes in response to pro-inflam- 
matory stimuli, the inhibition of its activity can be a major component of the anti- 
inflammatory and immunosuppressive activity of glucocorticosteroids [3]. Another 
mechanism for steroid inhibition of gene transcription is via protein-protein inter- 
actions which do not involve glucocorticosteroid-receptor complexes binding to 
DNA. Other indirect actions of glucocorticosteroids responsible for rapid respon- 
ses may involve membrane-bound receptors, with activation of phospholipases, 
phosphoinositide turnover, and activation of protein kinases. 

Taken together, the pathways of glucocorticosteroids in anti-inflammation and 
immunomodulation are much less specific than those of tacrolimus and other 
macrolactams. 



Comparison of in Vivo Effects of Tacrolimus and Glucocorticosteroids 

Further experiments in the murine LLNA analysed the immunomodulatory effects 
of topical glucocorticosteroids (hydrocortisone, mometasone furoate, and dexa- 
methasone) in comparison to those of topical tacrolimus on the induction of contact 
hypersensitivity responses. 

Both tacrolimus and glucocorticosteroids were able to effect a dose-dependent 
reduction of the number of lymph node cells during induction of contact hyper- 
sensitivity, but the reduction induced by glucocorticosteroids exceeded that caused 
by tacrolimus. 

Treatment with glucocorticosteroids without inducing a contact hypersensitiv- 
ity by oxazolone showed a significant decrease of lymph node cells in comparison to 
the control group. In contrast, tacrolimus treatment alone did not affect the amount 
of lymph node cells in comparison to the control group. 

Flow-cytometric analyses of these compounds examined the effects on the acti- 
vation of T cells (CD4+/CD25+), B cells (I-A+/B220+) and APC (I-A+/CD69+). 
Tacrolimus exerted stronger immunomodulatory effects on T cells and APC than 
glucocorticosteroids, and results were comparable in B cells. 



The pathways of 
glucocorticosteroids in 
anti-inflammation and 
immunomodulation are 
much less specific than 
those of tacrolimy sand 
other macrolactams 
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These discrepant results might be explained by the systemic antiproliferative 
effects of glucocorticosteroids, such as induction of lymphocyte apoptosis, or im- 
paired migration of circulating cells to local lymph nodes by modulation of cell 
surface adhesion molecules (ICAM-i or VCAM-i). An alternative explanation is that 
tacrolimus causes direct inhibitory interaction with NF-AT-mediated cytokine tran- 
scription, and thus causes a more specific immunomodulation than glucocortico- 
steroids. 

Tacrolimus interferes with an early state of cell activation and has the potential 
to interrupt cytokine-mediated effects, such as induction of intercellular adhesion 
molecules (ICAM-i), expression of MHC class II molecules, and cell activation re- 
ceptors, such as IL-2R (CD25) and the “very early activation antigen” (CD69), which 
are necessary for the induction of immune responses [12]. 



Effects on Collagen Synthesis and Skin Atrophy 

The antiproliferative effects of topical glucocorticosteroids result in an inhibition 
of protein synthesis and collagen hydroxyproline formation in the skin. In vitro 
studies demonstrated an immediate depression of the rate of cell proliferation upon 
addition of glucocorticosteroids to cultures of human skin fibroblasts in the early 
growth stages. 

These mechanisms lead to a reduced production of collagen fibres, which clini- 
cally manifests itself as a marked thinning of the dermis. These skin-thinning effects 
have been shown for almost all glucocorticosteroid compounds which are in clini- 
cal use. The atrophogenicity of glucocorticosteroids limits their use, particularly for 
long-term use and in thin skin areas such as the neck and face, and the flexure sites 
of extremities. This prompted the search for alternative potent, non-atrophogenic 
topical immunomodulatory drugs. 

Meingassner and Stutz showed in an animal trial with domestic pigs that, in 
contrast to clobetasol (o.i3%-i.20%) ointment, tacrolimus ointment (o.o4%-o.40%) 
did not lead to skin atrophy [17]. 

Sengoku et al. demonstrated a reduction in ear skin thickness in mice with both 
alclometasone dipropionate (0.1%) and betamethasone valerate (0.12%) ointment in 
a study on immediate, late and delayed-type cutaneous allergic reactions. Tacrolimus 
ointment did not affect skin thickness at any concentration tested (o.i%-i.o%) [33]. 

In a rat model the atrophogenic potential of topical immunomodulatory drugs 
was assessed by measuring skin thickness and skin weight, and by histopathology. 
Three-week treatment with tacrolimus ointment (0.3%) did not affect any of these 
end points. However, glucocorticosteroid ointments (betamethasone valerate 0.12%, 
prednisolone 0.5%, clobetasol propionate 0.05%, and clobetasone butyrate 0.05%) 
produced alterations, such as thinning of epidermis and dermis, a decreased sub-cu- 
taneous adipose tissue, and a suppressed epidermal cell proliferation. Furthermore, 
clobetasone propionate treatment led to a reduction of sebaceous gland size and a 
thinning of subcutaneous muscular layers [10]. 
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Conclusion 



First investigations on a putative atrophogenic potential of topical tacrolimus in 
human skin were made by Reitamo et al. as part of a phase II, randomised, double- 
blind study on tacrolimus ointment in patients with atopic dermatitis and healthy 
volunteers. Tacrolimus ointment (o.i and 0.3%), betamethasone valerate and vehicle 
control were applied to areas of 16 cm 2 under occlusion for 7 days. The carboxy- and 
amino-terminal propeptides of procollagen I (PICP, PINP) and the amino-terminal 
propeptide of procollagen III (PIIINP) were measured from suction blister fluid with 
specific radioimmunoassays, and skin thickness was measured by high-frequency 
ultrasound (20 MHz). The treatment with betamethasone valerate ointment showed 
significant decreases of PICP, PINP and PIIINP concentrations in the skin compared 
with the vehicle control, whereas tacrolimus ointment did not produce any alter- 
ations of these parameters at either concentration. In addition, betamethasone val- 
erate was the only treatment to cause a decrease in skin thickness. The median 
decrease measured 7.4% relative to 0.1% tacrolimus ointment, 7.1% relative to 0.3% 
tacrolimus ointment, and 8.8% relative to vehicle control. There were no differences 
between the skin thickness of healthy volunteers and patients with atopic dermati- 
tis. 

Thus, this trial proved for the first time in humans that tacrolimus ointment, 
unlike topical formulations of glucocorticosteroids, does not decrease cutaneous col- 
lagen synthesis, and that the risk of skin thinning is minimal. However, investiga- 
tions on the effects of tacrolimus ointment on collagen synthesis in long-term trials 
are warranted to rule out the risks of skin atrophy during prolonged treatment. 

Nonetheless, tacrolimus ointment appears to be a safe and potent alternative to 
topical glucocorticosteroids, especially in the treatment of sites such as the face and 
neck [25]. 



Conclusion 

Although topical glucocorticosteroids have long been the gold standard in the treat- 
ment of atopic eczema and many other inflammatory skin disorders, they display 
a variety of disadvantages, such as unspecific mechanisms of action in immuno- 
modulatory and anti-inflammatory therapy. Furthermore, they exhibit antipro- 
liferative side effects which induce irreversible skin atrophy after prolonged topical 
treatment. Several investigations comparing the different modes of action of topical 
tacrolimus and topical glucocorticosteroids have been carried out to point out the 
advantages of topical tacrolimus. 

The findings demonstrate that the immunomodulatory effects of topical tacro- 
limus are more specific and more direct than those of glucocorticosteroids. With 
topical tacrolimus there are no antiproliferative effects, such as inducing skin atro- 
phy, as seen in animal and human studies. Thus, topical tacrolimus appears to be a 
safer, more selective alternative to topical glucocorticosteroids (Fig. 7.3). 



123 



Tacrolimus ointment does 
not decrease cutaneous 
collagen synthesis 






7 Tacrolimus as an Immunomodulator 



Advantages of topical tacrolimus compared with topical glucocorticosteroids 



Selective inhibition of NF-AT- 
mediated transcription of early 
genes in T- cel I activation 

Stronger down-regulation 
of cell surface markers in primary 
hypersensitivity responses 



Numerous immunomodulatory 
mechanisms of inhibiting T-cell- 
mediated immune responses 

Weaker down-regulation of 
cell surface markers in primary 
hypersensitivity responses 



No affection of local draining lymph 
node cells after topical treatment 
when no contact sensitiser was used 



Decrease of local draining iymph 
node cells after topical treatment 
when no contact sensitiser was used 



No alteration of cutaneous 
collagen synthesis 



Decrease of cutaneous 
collagen synthesis 



No induction of skin atrophy Induction of skin atrophy 





Figure 7.3. Differentiation of topical tacrolimus from topical glucocorticosteroids 
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Introduction 

The goal of therapy for atopic dermatitis should be a treatment that is well tolerated 
and can be used without significant side effects to achieve complete, long-term con- 
trol. Atopic dermatitis is a “hot topic” in contemporary dermatology because the 
management techniques available to date have failed to achieve the goal of adequate 
disease and symptom control. The traditional approach, employing preventive life 
style and environmental measures, general skin care and emollients, has not been 
sufficiently effective to control and prevent disease exacerbations continuing in many 
patients. Furthermore, the reactive use of topical corticosteroids controls atopic der- 
matitis successfully in some, but by no means in all cases, and then only with care- 
ful adherence to a management routine that many patients find time consuming [11]. 

Atopic dermatitis is a chronic condition that significantly impairs the lives of 
adult patients. Their quality of life is compromised not only by physical discomfort 
and the social and psychological sequelae of disfigurement, but also by the exacting 
lifestyle modifications that many individuals need to undertake to achieve reason- 
able symptomatic control. Symptomatically, atopic dermatitis in adults may affect 
any region of the body, although skin flexures are particularly vulnerable, and there 
is also significant incidence of chronic hand dermatitis, which may impact seriously 
on employment [14]. Face and neck dermatitis are particularly problematic, due to 
both their visibility and the sensitivity of the skin in these areas to corticosteroids. 
Atopic dermatitis in many patients is of moderate severity with a relapsing and re- 
mitting course, but in 2% of patients symptoms occasionally become more severe, 
with large areas of the body affected [11]. 

Treatment with topical corticosteroids is central to the problem of effective dis- 
ease management. The most important weakness of corticosteroids is that they can- 
not be used for extended periods without problematic side effects, of which skin 
atrophy is the most notorious and important (Fig. 8.1) [6, 11, 17]. Consequently, these 
agents can be used on any given area of skin for only a limited duration. Subsidiary 
but related problems with corticosteroids are disease rebound after discontinua- 
tion and tachyphylaxis, a decrease in clinical efficacy over time that requires the 
use of more potent agents to achieve the same therapeutic effect. These events fur- 
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Figure 8.1. Atrophy of the face with multiple teleangiectasies (a) and striae (b) after long-term use of 
midpotent topical corticosteroids in a 45-year-old female patient with severe atopic dermatitis 



This new tacrolimus 
treatment concept is 
revolutionising the 
management of atopic 
dermatitis 



ther complicate the use of topical corticosteroids and make the task of achieving a 
balance between efficacy and tolerability a challenge for many patients in general 
clinical practice. 

Many cases of atopic dermatitis are thus poorly controlled within the steroid- 
based treatment paradigm. Poor compliance with treatment, corticosteroid phobia, 
a failure to use corticosteroids as directed and the risk for disease rebound are all 
likely to contribute to undertreatment of symptomatic atopic dermatitis, while con- 
versely some patients suffer from side effects associated with excessive steroid use. 

Tacrolimus ointment (Protopic®; Fujisawa), a novel steroid- free topical immuno- 
modulator, promises to overcome these problems. It offers the prospect of a treat- 
ment that is as effective as mid-potent to potent corticosteroids in the short-term 
management of atopic dermatitis symptoms but can be used safely for intermittent 
long-term treatment without the risk of corticosteroid-associated side effects. This 
enables patients to simplify their treatment regimen, using emollients if necessary, 
and using tacrolimus ointment monotherapy from the first sign of an inflammatory 
exacerbation or pruritus up until complete resolution, thus avoiding an unnecessary 
delay in treatment. Furthermore, there is no need for patients to consider switching 
between different agents, or ceasing treatment before complete healing is achieved, 
due to fear of adverse effects. This new tacrolimus treatment concept is revolutio- 
nising the management of atopic dermatitis. The clinical profile of tacrolimus oint- 
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ment in the management of adult atopic dermatitis has now been described in de- 
tail in an extensive programme of clinical studies, the results of which are the sub- 
ject of this chapter. 



Early Clinical Development 

Tacrolimus was first investigated in the context of atopic dermatitis in the early to 
mid-1990s [12, 18]. Prior to investigation in large-scale clinical trials, a number of 
small studies indicated that tacrolimus ointment was a safe and effective treatment 
for atopic dermatitis, and established the parameters of its use [3]. For further details 
on the development of tacrolimus, please refer to the chapter by Goto (Chap. 5) in 
this volume. 



Drug Concentration Studies 

Drug concentration studies determined the most suitable strengths of tacrolimus 
ointment for subsequent clinical development. The key study was a large, parallel- 
group, fixed-dose study conducted in Europe [28]. In this study, adult patients with 
moderate to severe atopic dermatitis were randomly assigned to receive either 
vehicle (72=54) or one of three strengths of tacrolimus: 0.03% (22=54), 0.1% (22=54) 
or 0.3% (22=51). Treatment was applied twice daily to a symptomatic area of skin of 
up to 1000 cm 2 in size, approximately 10% of the body surface area (BSA) affected, 
for 3 weeks. 

All three concentrations of tacrolimus were associated with a clinically and 
statistically significant improvement in the severity of atopic dermatitis compared 
with the vehicle group (pco.ooi). There were no significant differences in response 
between the three tacrolimus ointment treatment groups, although numerically, 
a greater response was observed in the 0.1% and 0.3% groups compared with the 
0.03% group. Specifically, complete symptomatic resolution or a marked improve- 
ment in treated areas was observed in 58.5% of patients treated with 0.03% tacro- 
limus ointment, 80.1% of patients treated with 0.1% and 70.6% of patients treated 
with 0.3% tacrolimus ointment, but in only 9.4% of vehicle-treated patients. All three 
strengths of tacrolimus ointment were well tolerated. Only one adverse event, gen- 
erally a mild and transient burning sensation at the site of application, was more 
common in the tacrolimus ointment treatment groups (37.0%, 46.3% and 49.0% in 
the 0.03%, 0.1% and 0.3% groups, respectively) than in the vehicle group (14.8%; 
p< 0.001). No abnormal laboratory values were observed. On the basis of these 
findings, the 0.03% and 0.1% formulations progressed to the phase III clinical trials. 
The higher 0.3% ointment strength, although well tolerated, offered no additional 
advantages in terms of efficacy. 
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Pharmacokinetics 

In contrast to systemic tacrolimus (Prograf®), topical tacrolimus has not shown im- 
munosuppressive properties. This is due to the specific pharmacokinetics of tacro- 
limus ointment. The numerous pharmacokinetic studies conducted with this agent 
have all shown that there is very little absorption of tacrolimus following topical 
application and, consequently, that systemic exposure is negligible (see Chap. 6) [30]. 
The only exception has been in patients with a defective barrier function of the skin, 
such as in Netherton’s syndrome, because of the potential for increased systemic 
absorption of tacrolimus. 

The pharmacokinetics of tacrolimus ointment are described in detail in this vol- 
ume by N. Undre, and include both ex vivo and extensive clinical investigations. Ex 
vivo percutaneous absorption studies [3] showed that the rate and extent of penetra- 
tion of tacrolimus through intact skin are very low, although the rate of absorption 
increased sevenfold when the stratum corneum was removed. This outer skin layer 
acts as the main rate-limiting barrier to percutaneous absorption of tacrolimus. 
Furthermore, the integrity of the skin is compromised in atopic dermatitis, sug- 
gesting that in patients with active disease, local absorption is likely to be slightly 
increased, compared with that seen in healthy volunteers, up until the skin heals. 
Studies in healthy adult volunteers confirmed that rates of tacrolimus absorption 
across healthy skin are extremely low (see Chap. 6). In a study of 14 healthy subjects 
who applied tacrolimus ointment to a 1000 cm 2 area of skin once daily for 14 days, 
tacrolimus blood levels were low and, as would be expected, lower than the levels 
seen in patients with atopic dermatitis. Moreover, the highest tacrolimus blood 
level measured was at least an order of magnitude below the level at which any note- 
worthy systemic effects would be expected. 

A number of different studies have investigated the pharmacokinetics of topical 
tacrolimus in patients with atopic dermatitis (see Chap. 6). The most important 
single investigation was an open-label study in which all patients had moderate to 
severe atopic dermatitis. Patients were treated with 0.1% tacrolimus twice daily over 
a surface area of up to 10 000 cm 2 , approximately 60% affected BSA, for 14 days. 

As expected, the degree of systemic exposure to tacrolimus was very low in these 
patients. Tacrolimus levels remained below 1 ng/mL in 96% of blood samples and 
were too low to be quantified in 23% of samples. To put this into clinical context, 
levels of 5-20 ng/mL are used as maintenance dosing for life in transplant recipients. 
The degree of systemic exposure increased as the size of the area treated with tacro- 
limus ointment was increased. 

The findings of the key European tacrolimus ointment pharmacokinetic studies 
have been confirmed by other studies conducted in the U.S. and Japan. In addition, 
the pharmacokinetics of the 0.1% and 0.03% strengths of tacrolimus ointment have 
been monitored throughout the phase II and phase III clinical development pro- 
grammes in Europe and North America. For further details of these pharmaco- 
kinetic studies and associated results, please refer to the specific chapter on pharma- 
cokinetics by N. Undre in this volume (Chap. 6). 
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In addition to pharmacokinetic studies, radioimmunoassay studies have been 
used to demonstrate that tacrolimus is not metabolised by human skin [3] . Thus, nei- 
ther tacrolimus nor any of its metabolites enter the systemic circulation to a clini- 
cally important degree following topical administration. For these reasons, there 
is also no significant likelihood that tacrolimus ointment interacts with any systemi- 
cally administered drugs. In accordance with this finding, to date no drug inter- 
actions have been reported for tacrolimus ointment. 

Taken together, these findings demonstrate that systemic exposure and absorp- 
tion of tacrolimus are low and further decline as the skin heals. Tacrolimus is not 
metabolised by human skin, nor does it accumulate in the tissues. Extensive safety 
monitoring throughout the tacrolimus clinical trials programme has confirmed 
these observations. 



The Tacrolimus Ointment Clinical Trials Programme 

Tacrolimus ointment has 
undergone an extensive 
phase III clinical 
development programme 

dermatitis over a 12-week period [9, 29]. These trials are notable in that they had 
ethnically diverse study populations, comprising 65.7% Caucasian, 29.4% African- 
American and 5.0% other ethnicity. In Europe, a 3-week randomised, double-blind, 
parallel group study compared tacrolimus ointment with a commonly used mid- 
potent to potent topical corticosteroid, hydrocortisone butyrate 0.1% ointment [24]. 

The duration of this study was limited to 3 weeks to reduce the potential for adverse 
events, such as skin atrophy. In addition, a long-term study has investigated the 
safety and efficacy of 0.1% tacrolimus ointment over 6-12 months [23]. All these 
studies focused on patients with moderate to severe atopic dermatitis. 

More recently, interim analyses from three further studies designed to investi- 
gate the long-term safety of tacrolimus ointment in nearly 10 000 patients for up to 
3 years have become available [4, 13]. These studies, which include an open-label ex- 
tension and a new open-label trial in the U.S., have enrolled patients with moderate 
to severe atopic dermatitis who are being treated with 0.1% tacrolimus ointment. 

Recent investigations in Europe include a multicentre, randomised, double-blind 
study to compare the efficacy and safety of tacrolimus ointment monotherapy over 
a period of 6 months with a routine corticosteroid-based regimen [25]. 

In all of these studies, tacrolimus ointment has been assessed in the management 
of moderate to severe atopic dermatitis. Currently, tacrolimus ointment is indicated 
specifically for patients with moderate to severe disease. However, within the context 
of the clinical trials, tacrolimus treatment was continued through to disease clear- 
ance, which encompasses mild disease. It can therefore be assumed that tacrolimus 



As depicted in Table 8.1, tacrolimus ointment has undergone an extensive phase III 
clinical development programme, primarily in Europe and the U.S. 

In the U.S., two large randomised, double-blind, parallel-group studies compared 
tacrolimus ointment with vehicle in the management of moderate to severe atopic 
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Table 8.1. Major European and North American clinical studies with tacrolimus ointment in adults 



Study 


Treatment regimen 


No. of 
patients 


Key findings 


Two vehicle- 
controlled 
studies 
[7, 9, 29] 


Twice daity, 12 weeks, 
unrestricted treatment 
area: 0.03%, 0.1% tacro- 
limus or vehicle (oint- 
ment base) 


623 (420 
tacrolimus) 


0.03% and 0.1% tacrolimus ointment are both 
clinically more effective and provide more 
rapid relief from the signs and symptoms of 
atopic dermatitis {<1 week) than vehicle. 
Tacrolimus is equally effective on all areas of 
skin including sensitive regions [face, neck and 
flexures) and in all ages and ethnic groups. 
Both 0.03% and 0,1% tacrolimus are well 
tolerated, with mild and transient skin burn- 
ing and pruritus being the most frequently 
reported adverse events. 


Comparative; 
tacrolimus 
ointment vs. 
cortico- 
steroids [24] 


Twice daily 3 weeks, 
unrestricted treatment 
area: 0.03%, 0.1% tacro- 
limus ointment or 0.1% 
hydrocortisone butyrate 


570 (384 
tacrolimus) 


0.03% and 0.1% tacrolimus ointment are 
effective for the treatment of moderate to 
severe atopic dermatitis. 

Tacrolimus 0.1% is as effective as hydrocorti- 
sone butyrate 0.1%. 

Both strengths of tacrolimus were well tole- 
rated over the 3 -week period. 


Long-term, 
comparative; 
tacrolimus 
ointment vs, 
cortico- 
steroids [25] 


Twice daily, 6 months. 
Treatment area: un- 
restricted (tacrolimus 
ointment), trunk and 
extremities (0.1% hydro- 
cortisone butyrate), 
head and neck (1% 
hydrocortisone acetate) 


972 {487 
tacrolimus) 


0,1% tacrolimus ointment was more effective 
than both steroid formulations. 

Significantly more patients in the steroid 
group were withdrawn because of lack of 
efficacy. Tacrolimus ointment was well 
tolerated. 


Long-term, 
non-compar- 
ative [23] 


Twice daily 6 or 12 
months, unrestricted 
treatment area: 0,1% 
tacrolimus ointment 


316 


Tacrolimus 0,1% provides progressive and sus- 
tained improvement in atopic dermatitis signs 
and symptoms. 

No evidence of tachyphylaxis or disease re- 
bound occurred with tacrolimus. 

0,1% tacrolimus ointment was well tolerated 
over the 1-year treatment period; skin burning 
and pruritus were the most frequently 
reported adverse events. 


Long-term, 
non-compar- 
ative (on- 
going) [4] 


Twice daily 3 years, 
unrestricted treatment 
area: 0,1% tacrolimus 
ointment 


407 [interim 
safety ana- 
lysis only) 


The most frequently reported adverse events 
were those occurring at the site of application; 
skin burning and pruritus, and these were 
generally mild and transient, improving with 
continued use of tacrolimus. 

No increase in the incidence of any infections 
was reported. 
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Table 8.1. continued 



Study 


Treatment regimen 


No. of 
patients 


Key findings 


Long-term, 


Twice daily, >2 years, 


2175 


Tacrolimus ointment was well tolerated. The 


non -compar- 


unrestricted treatment 


(Interim 


long-term safety profile was comparable to 


ative {on- 


area: Qll% tacrolimus 


analysis 


that seen in previous short- and long-term 


going) [13] 


ointment 


only) 


studies. 

No evidence of an increased risk for any ad- 
verse events including infections was observed. 
No evidence of any immunosuppressive effect 
was noted with tacrolimus in this long-term 
evaluation. 



is also effective for the treatment of mild atopic dermatitis, particularly as milder 
disease is easier to treat. As discussed in detail later, a substudy of the two large 
vehicle-controlled studies confirmed that tacrolimus ointment is equally effective in 
patients with more limited disease [15]. 



Clinical Efficacy of Topical Tacrolimus 

For the purposes of this book, results on the clinical efficacy and safety of tacrolimus 
will be reviewed from the U.S. and European trials. 



Efficacy Assessments 

The core phase III study programme assessed the therapeutic action of tacrolimus 
ointment in a number of distinct but complementary ways to generate a balanced 
overall assessment of true treatment effectiveness. Assessments included a global 
evaluation of disease severity, an estimation of BSA affected and a validated tool to 
assess the severity of specific signs and symptoms. The assessments chosen were: 
The Eczema Area and Severity Index (EASI) which rates erythema, oedema/in- 
duration/papulation, excoriation, and lichenification separately in four anatomi- 
cal regions (face and neck, trunk, upper limbs and lower limbs). Scores for each 
region are then combined using a weighted system [10] (Table 8.2). 

The mEASI, a modified version of the EASI that includes an assessment of pru- 
ritus and is a validated instrument that provides a systematic, composite mea- 
sure of the severity and extent of atopic dermatitis [10] (see Table 8.2). 
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Table 8.2. The EASI and mEASI criteria 


Steps used to generate scores 


Scores assigned 


To calculate the EASI 

Severity of the four signs of atopic dermatitis (erythema, lichen ifi cation, 
oedem a/induration/papulation, and excoriation) evaluated in four body 
regions (head/neck, trunk, upper limbs, and lower limbs) 


0-3 per sign 
(absent to severe) 


Resulting scores in each body region for each sign of atopic dermatitis are 
combined to give a total regional score 


0—12 per sign 


Body surface area (BSA) affected is scored for each of the four regions 
[head/neck, trunk, upper limbs, and lower limbs) 


0-6 per sign 
(where 0 f equals none 
of the body affected 
and '6 1 represents 
90%-100% affected) 


For each body region, the total regional score is multiplied by the score 
for affected BSA 


Regional score (0-12) 
x affected BSA (0-6) 


The number calculated in the last equation is multiplied by a weighted 
constant for each body region and combined with scores from the 
remaining three regions 


0-72 (EASI score) 


To calculate the mEASI 
Patient's assessment of pruritus 


0-3 


Pruritus score (0-3) is multiplied by the affected BSA score (0-6) for each 
of the four body regions (head/neck, trunk, upper limbs, and lower limbs) 


0-18 


Scores for each body region are combined with the weighting system used 
to calculate the EASI. The total score (0-18) is added to the EASI score 


0-90 



The concept of area-under- the-concentration-time curve (mEASI AUC), expres- 
sed as a percentage of the baseline mEASI score, was used to show the degree to 
which the burden of atopic dermatitis was reduced by the study treatment. This 
is important because atopic dermatitis is a disease of fluctuating severity, and it 
is only by assessing the presence and absence of disease throughout a treatment 
period that a complete assessment of the level of control can be obtained. 

The physician's global evaluation of clinical response. Here the physician rated 
the response to the treatment within one of seven categories from worse (<o), 
through no appreciable improvement (o%-29%), slight improvement (30%- 
49%), moderate improvement (50%-74%), marked improvement (75%-89%), ex- 
cellent improvement (90%-99%) and cleared (100%). 

The physician’s estimation of the percentage of BSA affected by eczematous le- 
sions. The percentage of each body region (head/neck, trunk, upper limbs, and 
lower limbs) affected by atopic dermatitis was calculated separately and a total 
percentage was derived from the same weighting procedure as that used for the 
EASI. 
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Comparison with Vehicle 

Two identical pivotal double-blind studies of tacrolimus ointment carried out at 
41 centres in the U.S. evaluated the efficacy of the 0.03% and 0.1% formulations of 
tacrolimus with that of vehicle [9]. Together over 600 patients were recruited to the 
trials, with approximately 200 patients assigned randomly to each of the three treat- 
ment groups. Patients were treated twice daily for 12 weeks. Treatment was applied 
as a thin layer to all affected areas until complete lesion clearance. 

Demographically, the patient populations in each trial were typical for adult 
subjects with atopic dermatitis. The mean patient age in each group was in the mid- 
to late thirties, with a range from 16 to over 70 years of age. The proportion of males 
was between 40% and 50%. As discussed above, about two thirds of the patients in 
both studies were Caucasian, with over 23% African-American ethnicity and 5% 
Asian-American (primarily Oriental). More than 50% of the patients experienced 
severe atopic dermatitis at baseline, and 87% had face and/or neck involvement. 



Clinical Efficacy 

Tacrolimus treatment led to a rapid and substantial improvement in the symptoms 
of atopic dermatitis (Fig. 8.2). In the two vehicle-controlled studies, a stringent defi- 
nition of “treatment success” was used. Patients were required to show an improve- 
ment of at least 90% in atopic dermatitis signs and symptoms, as evaluated globally 
by the physician. In the two studies, 27.5% of patients treated with tacrolimus 0.03% 
ointment and 36.8% of patients applying 0.1% tacrolimus ointment had “treatment 
success” defined in these narrow terms, compared with only 6.6% of vehicle-treated 
patients (p< 0.001 vs. vehicle). A more commonly used success level of at least 50% 
improvement in physician's global evaluation was achieved by 61.6% and 72.7% of 
patients treated with 0.03% tacrolimus ointment and 0.1% tacrolimus ointment, 
respectively, compared with only 19.8% of the vehicle group. 

In the U.S. trials, the mean mEASI AUC expressed as a percentage of the baseline 
mEASI score was approximately 25% higher in the vehicle group than either 
tacrolimus ointment group, confirming that the burden of disease was substantially 
reduced by tacrolimus over the 12-week study. Similarly, median mEASI scores were 
significantly reduced at end point in the tacrolimus ointment groups compared with 
vehicle. 

Treatment with topical tacrolimus was also associated with decreases of approxi- 
mately one half to two thirds of the amount of BSA affected by atopic dermati- 
tis during the 12 weeks. The reductions in affected BSA were highly significant for 
both concentrations of tacrolimus ointment compared with vehicle (p< 0.001). The 
benefits of tacrolimus ointment were also confirmed in the patients' evaluations, 
with both strengths of tacrolimus ointment proving significantly more effective than 
vehicle in reducing pruritus {p< 0.001). 



Tacrolimus treatment led 
to a rapid and substantial 
improvement in the 
symptoms of atopic 
dermatitis 
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■ Moderate (50%-74% improvement) 




Figure 8.2. Vehicle-controlled 12-week studies: patients achieving at least 90% and at least 50% im- 
provement according to the physician’s global evaluation of response 



Different Clinical Features of AD 

The efficacy of tacrolimus ointment in treating the different symptoms of moderate 
to severe atopic dermatitis was assessed by examining the mEASI scores for each 
of these symptom groups. Across all symptoms, both strengths of tacrolimus oint- 
ment proved highly effective, with comparable responses for the 0.03% and 0.1% 
ointment strengths and significantly greater improvements than were achieved with 
vehicle (Fig. 8.3). 



Efficacy of Tacrolimus Ointment on Different Body Regions 

The efficacy of tacrolimus ointment on different body areas was assessed by an- 
alysing the mEASI scores for each region independently. Tacrolimus ointment was 
comparably effective in all regions, with improvement in the face and neck regions 
matching that observed for the body as a whole. Tacrolimus ointment was not 
only highly effective in treating atopic dermatitis in these areas, but was also well 
tolerated with no corticosteroid-like adverse effects, as discussed in further detail 
below. 
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Figure 8.3. Vehicle-controlled 12-week studies: reduction in scores for individual signs and symptoms 
of atopic dermatitis. *p <0.001 vs. vehicle; **p =0.001 vs. 0.03% tacrolimus ointment 



Rate of Healing 

The rate of healing in both tacrolimus ointment groups was rapid. Significant im- 
provements in the EASI score were observed as early as week 1. Thereafter, the me- 
dian EASI score continued to decrease throughout the study and in both groups was 
statistically significantly greater than that achieved with vehicle at the end of treat- 
ment (p< o.ooi), (Fig. 8.4). Similarly, pruritus was controlled rapidly and this was 
sustained until the end of treatment (Fig. 8.5). 

Efficacy in Different Patient Populations 

As described above, both vehicle-controlled studies conducted in the U.S. included 
an ethnically diverse patient base, comprising approximately 25% African-Ameri- 
cans and 5% Asian- Americans in addition to the Caucasian majority. Tacrolimus 
ointment was effective and well tolerated in patients regardless of their ethnicity, 
indicating that it can be used with confidence in patients irrespective of their ethnic 
background. Tacrolimus ointment was also equally effective in both men and 
women, and in young, middle-aged and elderly adults. 
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Figure 8.4. Vehicle- controlled 12-week studies: decline in EASI score, change from baseline to end of 
treatment. *p <0.001 vs. vehicle; **p =0.001 vs. 0.03% tacrolimus ointment 




Figure 8.5. Vehicle-controlled 12-week studies: decline in pruritus score, change from baseline to end 
of treatment. *p <0.001 vs. vehicle 
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Efficacy in Patients with Limited Disease 



The tacrolimus ointment clinical trials programme has been conducted in patients 
with moderate to severe atopic dermatitis. However, a recent meta-analysis con- 
ducted on data from the two vehicle-controlled studies plus a third study of identi- 
cal design in children [21] investigated the use of tacrolimus ointment in patients 
with limited disease [15]. This was defined as moderate atopic dermatitis, with an 
EASI score below 10 and less than 25% of BSA affected. 

In total, 141 patients participating in the three trials met the enrolment criteria. 
The patients had a mean age of 30 years. Both ointment strengths of tacrolimus 
(0.03% and 0.1%) were highly effective, with an improvement in the physician’s glo- 
bal evaluation of over 90% recorded for approximately 48% and 45% of patients, re- 
spectively, compared with only 15% of vehicle-treated patients (£<0.004 for either 
tacrolimus ointment strength vs. vehicle). Furthermore, an improvement of at least 
50% was recorded in over 70% and more than 65% of patients in the tacrolimus 
0.03% ointment and 0.1% groups, respectively, compared with 32% of patients in the 
vehicle group (p< 0.03) for either tacrolimus ointment concentration vs. vehicle). In 
fact, as early as week 1, improvement of at least 50% was achieved by more than half 
of the tacrolimus-treated patients. Similar findings were observed for improvement 
in EASI score and in the percentage of BSA affected. These results confirm that tacro- 
limus ointment is not only effective in patients with moderate to severe disease, but 
also highly effective in patients with more moderate disease. 



Tacrolimus ointment is not 
only effective in patients 
with moderate to severe 
disease, but also highly 
effective in patients with 
more moderate disease 



Comparison with Corticosteroids 

The pivotal head-to-head short-term trial comparing tacrolimus ointment with cor- 
ticosteroid-based therapy was conducted at 27 centres in eight European countries 
[24]. The topical corticosteroid chosen for comparison with tacrolimus ointment was 
the widely used hydrocortisone butyrate 0.1% ointment, classified as a moderate to 
potent corticosteroid in Europe. A total of 570 patients with moderate to severe 
atopic dermatitis were randomly assigned to receive corticosteroid (77=186), 0.03% 
tacrolimus ointment (77=193), or 0.1% tacrolimus ointment (77=191). 

In all three groups, treatment was applied as a thin layer of ointment, twice daily, 
to affected areas for the duration of the study. The study was limited to a 3-week 
period because the longer exposure to corticosteroids may have placed patients in 
the hydrocortisone butyrate group at an unacceptable risk of developing skin atro- 
phy. The mean age of patients in each group was approximately 30 years with a range 
of 16-69 years. About 45% of patients were male and over 95% were Caucasian. 
Approximately 90% of patients completed the study, and the numbers of patient 
withdrawals from each treatment group were similar. 
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Figure 8.6. Comparison with corticosteroids: reduction in mEASI 



Overall Exposure to AD Symptoms 

During the 3-week study, the efficacy of 0.1% tacrolimus ointment and 0.1% hydro- 
cortisone butyrate ointment measured as percentage decreases from baseline in the 
mEASI was equivalent (Fig. 8.6), with comparable reductions achieved in mEASI 
mAUC from baseline. Although still effective, mEASI mAUC scores were numerically 
reduced to a lesser extent in the tacrolimus 0.03% group during the 3 weeks. These 
findings were made both for total mEASI score, and for head and neck regions when 
analysed separately. 

Physician's Global Evaluation and 8SA 

Scores for an improvement of 90%-ioo% in the physician’s global evaluation con- 
firmed the equivalent efficacy of 0.1% tacrolimus ointment and 0.1% hydrocortisone 
butyrate. This high level of improvement was achieved within the 3-week study 
in 51.4%, 37.6% and 49.2% of patients treated with corticosteroid, 0.03% tacrolimus 
ointment and 0.1% tacrolimus ointment, respectively. At least moderate improve- 
ment (defined as improvement of 50% and over) in the signs and symptoms 
was seen in 79.2%, 79.9% and 85% of patients, respectively. Similarly, reductions 
in the affected BSA were seen in all three treatment groups (Fig. 8.7). 
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Figure 8.7. Comparison with corticosteroids: reduction in BSA affected 



These findings confirm the equivalent short-term efficacy of 0.1% tacrolimus 
ointment and a moderate to potent corticosteroid. The slightly lower numerical effi- 
cacy of 0.03% tacrolimus ointment should not be misinterpreted, as this ointment 
strength is effective for the treatment of moderate to severe atopic dermatitis. Where- 
as corticosteroids may be used for only a limited period that would not normally ex- 
ceed 2 weeks' continuous use, tacrolimus ointment can be used until clearance of 
lesions, and then as intermittent long-term treatment. Indeed, the vehicle-controlled 
studies discussed here show that further improvements are achieved after a 3-week 
application of tacrolimus, indicating that the overall efficacy of both strengths of 
tacrolimus ointment is likely to match or exceed that which could be achieved with 
corticosteroids. 

Rate of Healing 

The rate of healing achieved with 0.1% tacrolimus ointment and that obtained with 
0.1% hydrocortisone butyrate ointment were equivalent. All three treatment groups 
showed a rapid reduction in the mEASI score, reaching 35%-4o% of baseline value 
as early as day 4, and 73%— 85% by week 3. Slightly more rapid and greater overall 
reductions were achieved in both the 0.1% hydrocortisone butyrate and 0.1% tacro- 
limus ointment groups compared with the tacrolimus 0.03% group. Nevertheless, 
the improvement in all three groups continued throughout the study. 
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Although the rate of healing was comparable between the corticosteroid and 
tacrolimus 0.1% treatment groups, patients using hydrocortisone butyrate applied 
approximately twice as much ointment compared with patients using tacrolimus. 
This finding was also observed for patients using 0.03% tacrolimus ointment (216 g 
for hydrocortisone vs. 132 g for both 0.03% and 0.1% tacrolimus ointment). 



Lang-Term Comparison of Tacrolimus Ointment a nd Corticosteroids 

The findings from the above short-term study have been supported and exceeded by 
results from a recent six-month, multicentre, double-blind trial [25]. In this study 
comparing intermittent tacrolimus ointment treatment and intermittent cortico- 
steroid therapy, 0.1% tacrolimus ointment was significantly more efficacious than a 
steroid-based regimen in treating moderate to severe atopic dermatitis. During the 
study, 487 adults applied 0.1% tacrolimus ointment twice daily to the whole body 
while 485 adult patients applied twice daily 0.1% hydrocortisone butyrate to the 
trunk and extremities and 1% hydrocortisone acetate ointment to the head and neck. 
In both groups, treatment was discontinued one week after clearance of lesions 
and restarted if flare-ups occurred. The primary endpoint was the response rate (the 
proportion of patients with at least 60% improvement in the mEASI between 
baseline and week 12). By week 12, the response rate in the 0.1% tacrolimus group was 
72.6% compared with 52.3% in the steroid group (p< 0.001); this superiority was sus- 
tained throughout the study. The physician’s and patient’s assessments of global re- 
sponse were also significantly higher for the tacrolimus -treated patients. In addition, 
significantly more patients in the steroid group were withdrawn because of lack of 
efficacy. 



Selection of Drug Concentration and Administration 

On the basis of results from clinical trials, both the 0.1% and 0.03% strengths of 
tacrolimus ointment are suitable for patients with moderate to severe atopic der- 
matitis. 

To achieve optimum control of atopic dermatitis, 0.1% tacrolimus ointment 
should therefore be used in the first instance, with the 0.03% formulation used sub- 
sequently if, in the physician’s evaluation, this lower strength formulation will suffice 
to maintain effective long-term symptomatic control. 

Tacrolimus ointment should be used whenever required and at the first indica- 
tion of pruritus or an inflammatory exacerbation of atopic dermatitis. It should not 
be held in reserve, as moderate-potency corticosteroids sometimes are, until an 
overt disease flare has developed. Furthermore, treatment with tacrolimus ointment 
can be continued until complete healing has been achieved - typically this will be at 
least a week after resolution of symptoms. No safety concerns have arisen with topi- 
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cally administered tacrolimus. Furthermore, in the event of any disease recurrence 
it can be re-used on the same area of skin promptly after discontinuation, again 
without the fear of any steroid-like side effects occurring. 

In patients with persistent xerosis, long-term therapy (on average once or twice 
weekly) is recommendable. 



Long-Term Efficacy 

As atopic dermatitis is a chronic disease, comprehensive long-term studies are re- 
quired to demonstrate that efficacy is sustained and that the agent is well tolerated 
in the long term. 

A large European multicentre study assessed the long-term efficacy and safety of 
tacrolimus ointment in adults [23]. All patients had moderate to severe AD affecting 
5%-6 o % of their BSA at baseline, and of these approximately half had severe atopic 
dermatitis. Patients applied 0.1% tacrolimus ointment twice daily to affected areas 
of skin, including face and neck lesions. The higher 0.1% concentration of tacroli- 
mus was used exclusively because the primary objective of this study was to assess 
the long-term safety of topical tacrolimus. In total, 316 patients were included in the 
study, of whom 200 were scheduled to receive 6 months of treatment only and the re- 
maining 116 to complete 12 months of treatment. Overall, 245 (77.5%) of patients 
completed either the scheduled 6 or 12 months of treatment. 

The therapeutic effects of topical tacrolimus occurred very rapidly, with the larg- 
est improvements observed within the first week of treatment. During this first week, 
substantial improvement was seen in the mEASI and the affected BSA. Further clini- 
cal improvements were achieved up to month 3, and this level of improvement was 
maintained thereafter. The rapid and progressively maintained improvement in 
mEASI and reductions in affected BSA are summarised in Fig. 8.8. 

Flare Prevention 

An additional analysis investigated the number of patients who experienced a flare 
during the study treatment period [27]. 

Patients were considered to have experienced a flare if they a) were withdrawn 
from the study due to lack of efficacy or b) required the use of corticosteroids. This 
strict definition was chosen because of its clinical relevance to daily treatment prac- 
tice. In the six-month treatment group, twenty patients (20/200; 10.0%) were with- 
drawn on account of lack of efficacy (10 patients) or because of the need to adminis- 
ter corticosteroids to control disease flare (10 patients). In the 12-month treatment 
group (72=116), 12 patients (10.3%) were withdrawn; three patients required cortico- 
steroids and nine patients experienced lack of efficacy. These data show that 0.1% 
tacrolimus ointment effectively prevented flares in 90% of the patients during the 
treatment period. 
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Figure 8.8 a,b. Efficacy of o.i% tacrolimus ointment over 12 months, a mEASI score as a percentage 
of baseline, b Reduction in mean percentage of affected BSA over 12 months 
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Tachyphylaxis and Disease Rebound 

Importantly, the efficacy of tacrolimus was progressively maintained throughout 
the study period of up to 12 months. This demonstrates that, in contrast to topical 
corticosteroids, there is no evidence of tachyphylaxis with tacrolimus. Furthermore, 
there was no evidence of disease rebound - another problem encountered with 
corticosteroids - after treatment discontinuation. These findings demonstrate that 
tacrolimus as a monotherapy is effective for the long-term management of atopic 
dermatitis, and treating physicians can thus be confident that their patients will con- 
tinue to enjoy the full benefits of this treatment. 



Safety and Tolerability 

Theoretically, the chief safety concerns for tacrolimus ointment arise from the fact 
that its active ingredient, tacrolimus, has an immunosuppressive effect when given 
systemically at levels equivalent to those administered in transplantation. Thus, it 
is important to exclude the possibility that topically administered tacrolimus may 
impair immunological function, either locally, increasing the risk of cutaneous infec- 
tions, or systemically, raising the risk of infections, malignancy and other long-term 
health concerns associated with systemic tacrolimus. 

Tacrolimus ointment has undergone extensive safety evaluations in a large num- 
ber of patients. More than 13 000 adult and paediatric patients have participated 
in the tacrolimus clinical trials programme [20]. Furthermore, both short and long- 
term clinical experience has shown that topical tacrolimus is well tolerated and has 
an excellent safety profile. As reviewed in this book, pharmacokinetic and early clini- 
cal studies demonstrated that there is minimal absorption of tacrolimus even through 
eczematous skin, suggesting that systemic effects are not a significant issue with this 
agent. This has been shown by clinical studies, which have also confirmed that there 
are no serious safety concerns with tacrolimus ointment. Furthermore, results from 
the adult long-term study have shown that tacrolimus does not adversely affect 
immunocompetence [23]. Use of the Recall Antigen test to evaluate delayed-type 
hypersensitivity reactions over a 12-month period demonstrated that, as reported 
previously for AD, patients had compromised cell-mediated immunity at baseline; 
however, no noteworthy changes in immunocompetence were observed by the end 
of the study [23]. 
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Tacrolimus ointment is well 
tolerated, with its adverse 
events occuring primarily 
at the application site 



General Tolerability and Treatment Discontinuations 

Overall, the tolerability of tacrolimus ointment is excellent, with very few patients 
discontinuing treatment. Pooled data from two large vehicle-controlled trials 
showed that most of the adverse events reported in both the vehicle and tacrolimus 
ointment groups occurred at the site of application [29]. The number of non-appli- 
cation-site events judged to be related to treatment was low and not dissimilar to those 
seen with vehicle. Most importantly, few adverse events resulted in discontinua- 
tion - in fact, more patients using vehicle discontinued due to adverse events. The 
low discontinuation rate seen with tacrolimus ointment is likely to be a reflection 
of the clinical effectiveness of the treatment and underlines the good tolerability of 
the product. Taken together, these findings demonstrate that tacrolimus ointment is 
well tolerated, with its adverse events occurring primarily at the application site. 



Local Adverse Events 

Local, application-site adverse events are the most frequently encountered type of 
side effect associated with topical tacrolimus. The most common such events occur- 
ring in the two U.S. vehicle-controlled studies are summarised in Table 8.3. The most 
frequent adverse events recorded in all clinical studies of tacrolimus ointment have 
been a burning sensation, pruritus and erythema at the site of application. All of 
these events are generally mild in nature and transient. However, it is worth noting 
that the incidence of treatment-related pruritus and skin burning is relatively high 



Table 8.3. Vehicle- controlled studies with tacrolimus: incidence (%) of local adverse events (adapted 
from [13]) 



Adverse Event 




Treatment group 


p value 




Vehicle 


0.03% 


0,1% 


0.03% 


0.1% 




(rt=212) 


tacrolimus 


tacrolimus 


tacrolimus 


tacrolimus 






ointment 


ointment 


ointment 


ointment 






Cn— 210) 


(n=209) 


vs, vehicle 


vs. vehicle 


Skin burning 


25.8 


45.6 


57,7 


<0.001 


<0 001 


Pruritus 


36.5 


46.1 


46,1 


NS 


NS 


Skin erythema 


19.8 


24.8 


27.9 


NS 


NS 


Skin infection 


10.6 


12*4 


4.7 


NS 


NS 


Skin tingling 


2.4 


3.4 


7.6 


NS 


0.015 


Alcohol intolerance 


0.0 


3.4 


6.9 


0.013 


<0.001 


Hyperaesthesia 


Oi 


3.0 


6.5 


0.052 


0.001 


Folliculitis 


0 i 


6,2 


43 


0.002 


0.016 



NS not significant. 
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Table 8.4. Incidence of skin burning 



Incidence of skin burning in 


Vehicle 


Tacrolimus ointment [%] 


two vehicle-con trolled studies 


[%] 


0.03% 


0.1% 


Skin burning 


258 


45.6 


57.7 


Pruritus 


36.5 


46.1 


46.1 



initially, occurring with every application for approximately the first 3 days and last- 
ing between 15 and 20 min. Armed with this knowledge, physicians should inform 
patients, parents and caregivers that these side effects are not unexpected and should 
not be cause for concern. 

A mild form of alcohol intolerance has also been observed infrequently with 
tacrolimus ointment. Symptoms comprise a minor redness at the sites of tacrolimus 
application or slight facial flushing after the consumption of alcohol. There are no 
systemic components such as nausea or vomiting and this reaction to alcohol is gen- 
erally considered to be a minor side effect. 

Although a mild burning sensation after application of tacrolimus ointment was 
frequently reported (Table 8.4), very few patients discontinued treatment due to this 
adverse event. Indeed, few patients discontinued treatment for application-site 
or any class of adverse event. The highest proportion of patients withdrawing from 
treatment due to adverse events in either of the U.S. trials was only 5.3% in the 0.1% 
tacrolimus ointment arm and 6.2% in the 0.03% treatment arm. In comparison, the 
withdrawal rate from the vehicle group of the same study was much higher at 12.3%. 
The adverse events that did occur were thus mild in nature, and confirm that 
tacrolimus ointment is an extremely well tolerated treatment. 

Local Infections 

In the clinical trials of tacrolimus, the incidence of infections, either systemic or oc- 
curring at the site of application, has been investigated. This is because systemic 
tacrolimus has immunosuppressive properties and it is important to establish that 
tacrolimus ointment does not adversely impair immunological function. The issue 
of skin infections is particularly important in patients with atopic dermatitis, as 
lesional skin is frequently vulnerable to bacterial, fungal and viral infections. 

There was no evidence of increased bacterial or fungal infection in patients 
treated with tacrolimus ointment in the vehicle-controlled or any other clinical stud- 
ies of topical tacrolimus. In fact, it has been shown that tacrolimus ointment is asso- 
ciated with a reduction in staphylococcal infection of atopic dermatitis lesions [26]. 

In the two U.S. vehicle-controlled studies, several viral skin infections, includ- 
ing herpes simplex, molluscum contagiosum and warts were observed in patients 
treated with tacrolimus. However, such infections are not unexpected, as they fre- 
quently manifest in patients with atopy. Despite this observation, within these two 
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Table 8.5. Vehicle-controlled studies with tacrolimus: incidence (%) of non-application-site adverse 
events (adapted from [29])* 

Adverse Event Treatment group P value 





Vehicle 
(a— 212) 


0.03% 
tacrolimus 
ointment 
(n— 210) 


0.1% 

tacrolimus 
ointment 
(n— 209) 


0.03% 
tacrolimus 
ointment 
vs, vehicle 


0.1% 

tacrolimus 
ointment 
vs. vehicle 


Ftu-like symptoms 


193 


23.2 


30,8 


NS 


0.034 


Headache 


10.7 


20.0 


19.2 


0.022 


0.036 


Acne 


1.8 


4.3 


7,1 


NS 


0.028 


Flash 


0.S 


4.9 


2,1 


0,017 


NS 


Sinusitis 


0.7 


3,9 


2,2 


0.048 


NS 


Cyst 


0.0 


1.1 


3.1 


NS 


0.046 


Myalgia 


0.0 


2.8 


1.6 


0,026 


NS 


Back pain 


0.0 


23 


1.6 


0,046 


NS 



* The incidence of flu-like symptoms, which included upper respiratory tract problems (colds, stuffy nose, etc.) 
and other non-application-site events reported here is higher in tacrolimus-treated than vehicle-treated patients. 
However, this observation has been noted within the stringent reporting confines of the clinical trial setting. 
NS not significant. 



studies the number of reported cases was too small to test for statistical significance. 
When data from all three adult phase III studies plus two paediatric studies were 
pooled, no local skin infection was found to be statistically significantly more com- 
mon with tacrolimus ointment compared with reference therapy. 

Although on the basis of these data there does not appear to be an increased risk 
of viral infections with tacrolimus ointment, there have been several controversial 
cases of eczema herpeticum in patients treated with tacrolimus [16]. Physicians 
should therefore exercise caution in the use of this agent in patients who have active 
herpes simplex or herpes zoster infections. 



Non-Application-Site Adverse Events 

There has been no evidence of a trend towards any non-application-site adverse 
event with tacrolimus ointment in the clinical studies carried out to date or in post- 
marketing surveillance. In the two vehicle-controlled studies, there were no clear 
differences between the tacrolimus ointment and vehicle arms with regard to the 
frequency of non-application-site adverse events (Table 8.5). Flu-like symptoms 
were the most commonly reported non-application- site adverse events occurring 
in both the vehicle and tacrolimus treatment arms (20%-30% of tacrolimus-treated 
patients versus io%-i5% of vehicle-treated patients). The increased incidence of flu- 
like symptoms (colds and stuffy nose) is probably a result of the stringent reporting 
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of adverse events data during the clinical trial and also due to the longer observa- 
tion periods; three to four times longer for tacrolimus ointment than for vehicle- 
treated patients. This longer period of observation is a result of the greater number 
of patient withdrawals from the vehicle-controlled treatment group. Overall, two to 
three times more patients using vehicle discontinued the study prematurely as a re- 
sult of lack of efficacy. Similarly, for headache a slightly higher incidence was ob- 
served with tacrolimus ointment, but the frequency was within that predicted by the 
U.S. Centres for Disease Control and Prevention [5]. Again, the higher rate is prob- 
ably attributable to the longer observation periods for tacrolimus-treated as opposed 
to vehicle-treated patients. 



Effects of Tacrolimus Ointment on Laboratory Values 

No consistent trends or notable differences among the treatment and control groups 
have been reported in any laboratory value during the clinical trials programme. 
This is consistent with the observation that absorption of tacrolimus is minimal, and 
hence there are no significant systemic effects. 



Comparison with Topical Corticosteroids 

The primary phase III European clinical trial comparing tacrolimus ointment with 
corticosteroids was restricted to 3 weeks’ duration to protect patients from potential 
adverse side effects associated with corticosteroid use, and in particular from skin 
atrophy. Both 0.1% hydrocortisone butyrate ointment and tacrolimus ointment were 
well tolerated in this short-term study [24]. The mild burning sensation and pruri- 
tus experienced by patients applying tacrolimus occurred less frequently in patients 
using hydrocortisone butyrate (Table 8.6). However, the frequency of these effects 
declined rapidly in the tacrolimus ointment group, and by week 3 skin burning was 
only slightly higher than that observed in the corticosteroid treatment group at the 
same time point. Likewise, the incidence of pruritus in tacrolimus-treated patients 
followed a similar pattern, and by week 3 the prevalence had markedly decreased 
to values similar to those seen in the hydrocortisone butyrate group. The incidence 



Table 8.6. Comparison with corticosteroids: skin burning and pruritus 



Adverse Event 


0.1% hydrocortisone 


0.03% tacrolimus 


0.1% tacrolimus 




butyrate ointment (n=186) 


ointment (n=193) 


ointment (n=191) 


Skin burning* 


24(12.9) 


87 (45.1) 


113 (59.2) 


Pruritus* 


18(9.7! 


39 (20.2) 


30 (15.7) 



* p< 0.05 for tacrolimus vs. hydrocortisone butyrate. 
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Table 8.7. Incidence (%) of non-application-site adverse events occurring in five patients or more in 
either the tacrolimus or steroid-treated groups (from [24]) 



Adverse Event 


0.1% hydrocortisone 
butyrate ointment 


0.03% tacrolimus 
ointment 


0.1% tacrolimus 
ointment 


Flu-like syndrome 


6.5 


4.1 


6.3 


Headache 


7.5 


52 


4.7 


Allergic reaction 


6.5 


3.1 


2,6 


Herpes simplex 


0,5 


2.6 


1.6 



Table 8.8. Pooled analysis from two vehicle-controlled studies and a corticosteroid comparative study: 
incidence of application-site adverse events in adults. (Fujisawa data on file) 



Adverse Event 


Vehicle 


0,1% hydro- 


0,03% tacrolimus 


0.1% tacrolimus 




(n=212) 


cortisone butyrate 
ointment (rc-186) 


ointment (n=404) 


ointment (n-400) 


Skin burning 


20.8 


12.9 


43.8 


565 


Pruritus 


30.7 


9.7 


31,4 


28.3 


Skin erythema 


17.0 


0.5 


12,1 


155 


Folliculitis 


0,5 


7.0 


5.7 


5,5 


Skin Infection 


7.1 


1.6 


3,0 


15 



of non-application-site adverse events was not statistically significantly different 
between either of the tacrolimus groups or the hydrocortisone butyrate group 
(Table 8.7). 

When data were pooled from the vehicle-controlled studies and the cortico- 
steroid-based study, the most common adverse events were found to be related to 
skin irritation, with the exception of folliculitis (Table 8.8). Furthermore, these com- 
bined results reveal that skin infections were reduced in patients using tacrolimus 
ointment compared with those applying either vehicle or hydrocortisone butyrate 
ointment. 



Skin Atrophy 



No skin atrophy has been 
observed with tacrolimus 
ointment in the clinical 
trials programme 



No skin atrophy has been observed with tacrolimus ointment in the clinical trials 
programme, which includes short-term and more recently long-term follow-up 
studies. 

To confirm at a biochemical level that tacrolimus ointment is not atrophogenic, 
a double-blind, randomised trial was conducted to monitor the effects of 0.3% 
tacrolimus ointment, 0.1% tacrolimus ointment and 0.1% betamethasone valerate 
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ointment in atopic dermatitis patients and healthy volunteers [22]. In this short-term 
study, patients and healthy volunteers were treated continuously under occlusion on 
several designated sites over a 7-day period. Skin thickness was measured by ultra- 
sound, while collagen synthesis, which is reduced in skin atrophy, was assessed by 
measuring the abundance of the propeptides for type I and type III collagen (PICP, 
PINP and PIIINP) in skin blister fluid. 

As shown in Fig. 8.9, betamethasone was associated with a marked reduction in 
collagen synthesis in all patients and healthy controls (p< 0.001). In contrast, neither 
strength of tacrolimus ointment had any detrimental effect on the collagen precur- 
sors. Furthermore, only betamethasone-treated areas of skin showed a significant 
decrease in skin thickness. These results indicate that, unlike corticosteroids, tacro- 
limus ointment does not cause skin atrophy. 

Although not specifically designed to assess skin atrophy, the 12-month safety 
and efficacy trial of tacrolimus ointment did not reveal any cases of skin thinning. In 
fact, a reversal of skin atrophy was observed [23]. 

Preliminary findings from a 24-month study conducted in patients using 0.1% 
tacrolimus ointment suggested that it has no detrimental effect on collagen synthe- 
sis or skin thickness (unpublished data). 

In summary, monotherapy with tacrolimus ointment does not cause skin atrophy 
in patients with atopic dermatitis. Instead, normalisation of collagen synthesis can 
be achieved with long-term tacrolimus treatment. 



Monotherapy with 
tacrolimus ointment does 
not cause skin atrophy in 
patients with atopic 
dermatitis 
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Figure 8.9. Effects of betamethasone and tacrolimus ointment on collagen production. BMV beta- 
methasone valerate 0.1% ointment; EOT end of treatment; Veh vehicle; *p <0.001 vs. baseline values 
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Long-Term Safety and Tolerability 

The chronic nature of atopic dermatitis necessitates that treatment be long-term. 
Several studies have therefore investigated the long-term safety and tolerability of 
tacrolimus. 

In the pivotal 12-month, long-term study outlined earlier [23], local and transient 
application-site reactions were the most common adverse events reported (Table 8.9). 
Other common adverse events included flu syndrome, headache, acne, folliculitis 
and alcohol intolerance. The frequency of these adverse events declined substantially 
with time (Fig. 8.10), and most events were transient in duration and mild to mod- 
erate in severity. No evidence of skin atrophy or any other corticosteroid-type adverse 
events were observed. 

During the long-term study, there was no evidence of any systemic adverse events 
caused by tacrolimus ointment [23]. In general, the adverse event profile of tacro- 
limus was typical of that which would be expected in a population of subjects over 
this time period. These findings confirm that the safety profile of tacrolimus oint- 
ment is not adversely affected by long-term treatment; in fact, the progressive ame- 
lioration of application-site adverse events is a consistent finding across all clinical 
trials. 
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Figure 8.10. Tolerability of tacrolimus. Prevalence of application- site pruritus and skin burning dur- 
ing the first month of the study 
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Table 8.9. Overall incidence of frequently reported adverse events 
occurring over 12 months irrespective of causality (adapted from 

[23]) 



Adverse Event 


Patients [%] (n=316) 


Skin burning 1 


46.8 


Pruritus 1 


2S3 


Skin erythema 


[ 123 


Folliculitis 


10.8 


Pustular rash 


6.3 


Alcohol intolerance 1 2 


6.0 1 


Maculopapuiar rash 


4.1 



1 treatment-related transient reactions which decrease with time 

2 mild flushing of the skin 



No abnormal trends were observed for any laboratory parameter during the course 
of this long-term study [23]. This is consistent with the observation that tacrolimus 
ointment has minimal percutaneous absorption and hence negligible systemic expo- 
sure either short- or long-term. Furthermore, no changes in cell-mediated immunity 
were observed after intermittent long-term monotherapy with tacrolimus. 

Importantly, the use of tacrolimus ointment for up to 12 months did not appear 
to cause an increase in the incidence of skin or other types of infections. Staphylo- 
coccus aureus infection is a common complication affecting patients with atopic der- 
matitis. This bacterium is found on lesional skin of over 90% of patients with atopic 
dermatitis, compared with only 10% of non-atopic individuals [2]. Tacrolimus oint- 
ment 0.1% was found to lead to markedly reduced colonies of S. aureus during the 
first week of treatment [26]. This reduction was maintained throughout the course 
of the 12-month study, and it is likely that tacrolimus-mediated healing of skin le- 
sions may have contributed to this beneficial effect. As S. aureus antigens are known 
to be a trigger for inflammatory flares in atopic dermatitis, the reduction in levels of 
S. aureus with tacrolimus may enhance its therapeutic efficacy. There did not appear 
to be any increase in the incidence of skin or other infections compared with that 
expected in a population of patients with atopic dermatitis. However, as discussed 
previously, caution should be exercised over the possibility of local infections, par- 
ticularly those caused by herpes simplex, as this type of skin infection is problematic 
when it occurs in conjunction with atopic dermatitis. Physicians should consider 
treating the infection prior to beginning treatment with tacrolimus. If an infection 
occurs while the patient is using tacrolimus, treatment of the infected area should be 
stopped and an antibiotic prescribed to clear the infection. Application of tacrolimus 
can, however, be continued for the treatment of atopic dermatitis on areas of skin 
that are not infected. 



Tacrolimus ointment 0.1% 
was found to lead to 
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Recent Studies 

More recently, two further studies have reported on the long-term safety of tacro- 
limus ointment in adult atopic dermatitis patients. The first of these was an open- 
label, non-comparative follow-up study conducted at 44 centres in which patients 
were monitored for up to 3 years [4]. As in previous studies, patients applied 0.1% 
tacrolimus ointment twice daily to all affected areas until 1 week after lesion clear- 
ance. 

In total, 407 patients were enrolled in the study, with a mean age of 40.1 years 
and an age range spanning 16-81 years. At the time of enrolment most patients had 
moderate or severe atopic dermatitis, with a mean affected BSA of over 30% at 
baseline. Nearly half of the patients were treated for more than 2 years. 

Interim analysis demonstrated that the most common adverse events were appli- 
cation-site events and included skin burning, pruritus and skin erythema. There was 
no increased risk of any one particular adverse event, including concurrent illnesses, 
with the long-term use of tacrolimus. 

The second ongoing safety analysis will eventually involve approximately 9000 
patients with atopic dermatitis, all of whom will be treated with topical tacrolimus 
[13]. The data for this analysis were drawn from both the aforementioned safety stu- 
dy of 407 patients and from a large, ongoing, open-label, non-comparative safety 
study. The interim results showed that a total of 2582 adult patients have received at 
least one application of study drug and were eligible for inclusion in the safety analysis. 

No new safety or tolerability concerns have emerged from the interim findings. 
The adverse event profile was comparable to that observed in previous tacrolimus 
ointment studies, with the three most common application- site adverse events being 
skin burning, pruritus and skin erythema. No indication of an immunosuppressive 
effect has been seen with tacrolimus ointment, either locally or systemically. Further- 
more, there was no increased risk for any individual adverse events, including infec- 
tions, with the long-term use of tacrolimus. 

Skin Cancers 

Despite concern that the incidence of non-melanoma skin cancer in patients with 
atopic dermatitis is increased, there are few conclusive data to support this belief. 
However, the theoretical possibility of malignancy, and in particular of non-mela- 
noma skin cancer, is a potential issue with long-term use of a topical agent that 
may have the capacity to modulate the immune response. This topic was therefore 
considered in the same two long-term safety trials in the U.S. [19]. 

Of nearly 10 000 patients included in the study, over 50% have been followed for 
more than 2 years. To date, a total of 13 such cancers have been detected among these 
patients. The affected patients’ ages ranged from 26 to 72 years. The cancers identi- 
fied included eight cases of basal cell carcinoma and five of squamous cell car- 
cinoma. No cases were considered to be associated with the use of tacrolimus 
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Figure 8.11. Improvement in total quality of life (QoL) at the end of treatment compared with baseline. 
EOT end of treatment. *p <0.001 vs. vehicle; **p =0.003 vs. 0.03% tacrolimus ointment. 

1 Absolute reduction in total score from baseline to EOT 



ointment. Over three quarters of the skin cancers were diagnosed within 100 days of 
entry into the study. Just over half of the patients had non-melanoma skin cancer at 
sites that had not been treated with tacrolimus, and the majority of the patients* skin 
cancer was found on sites that had been extensively exposed to the sun. The inci- 
dence of skin cancers in patients treated with tacrolimus ointment was not higher 
than the incidence of skin cancers in the general population. In conclusion, no evi- 
dence was obtained of an increase in the rate of non-melanoma skin cancer with 
tacrolimus treatment [19]. 



Ho evidence was obtained 
of an increase in the rate 
of non-melanoma skin 
cancer with tacrolimus 
ointment 



Qualify of Life and Cost-Effectiveness 

The impact of treatment on quality of life (QoL) is a particularly important consid- 
eration in atopic dermatitis, a disorder that significantly impairs QoL, both directly 
through the discomfort of the disease and indirectly through its effects on lifestyle, 
work and social situations. The impact of tacrolimus ointment treatment on QoL has 
been assessed in the two 12-week vehicle-controlled studies and the data have been 
pooled for analysis [7]. 
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All patients completed the Dermatology Life Quality Index (DLQI). This is a 
widely used, validated survey developed for use in patients with skin diseases [8]. 
It includes categories that assess symptoms and feelings, daily activities, leisure, 
work/school, personal relationships and treatment. A total score for the overall im- 
pact of atopic dermatitis on QoL is derived from these categories. 

As would be expected in a patient population with moderate to severe disease, 
atopic dermatitis placed a heavy burden on patients’ QoL at baseline. Nearly all the 
patients reported that their QoL was seriously affected by their disorder. In total, 
80% of patients reported that they were “very much affected”, “a lot affected” or “a 
little affected” by itchiness and pain, feelings of self-consciousness, dressing and 
working/ studying. 

Tacrolimus ointment had a profoundly beneficial effect on QoL, which is in keep- 
ing with its beneficial symptomatic effects (Fig. 8.11). Unlike vehicle, both strengths 
of tacrolimus ointment were associated with highly statistically significant improve- 
ments in QoL scores, both in terms of the individual QoL parameters and with re- 
gard to the total QoL score (p< 0.001). The 0.1% formulation of tacrolimus was 
associated with significantly greater improvements in QoL than the lower 0.03% 
strength according to all QoL categories except for the treatment scale (p< 0.05) [7]. 

At the end of the two 12-week, vehicle-controlled studies, the large majority of 
patients expressed a preference for remaining on tacrolimus ointment treatment. 
Across both studies (/i=579), approximately 80% of adults in the 0.1% tacrolimus 
ointment group and 69% in the 0.03% tacrolimus ointment group indicated that they 
would continue, or would be very likely to continue, with tacrolimus. In contrast, 
only 29% of patients in the vehicle group indicated that they would like to continue 
with their treatment. This is a strong indication that the quality of life and clinical 
benefits measured by the assessments were highly meaningful in terms of patients’ 
own evaluation of the effectiveness of tacrolimus ointment. 



Summary 

The management of atopic dermatitis is changing after many decades of little or no 
significant progress in treatment. Previously, the rising prevalence of the disease 
served only to emphasise the limitations of suboptimal management strategies. The 
motivational force behind the recent surge in development is our increasing 
understanding of the local immunobiology of atopic dermatitis, coupled with an 
attempt to develop agents that specifically target the disease pathogenesis without 
exerting widespread adverse effects. Tacrolimus ointment - the first steroid-free 
topical immunomodulator - is integral to the changing field of atopic dermatitis 
management. 
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The clinical studies reviewed in this chapter demonstrate that tacrolimus oint- 
ment is a highly effective treatment for adults with atopic dermatitis of all severities, 
in terms of both symptomatic control and QoL improvements. In comparative terms, 
tacrolimus ointment is as clinically effective and rapidly acting as a commonly used 
corticosteroid, classified in Europe as mid-potent to potent. Moreover, tacrolimus 
ointment is safe and well tolerated in long-term use, with no evidence of tachyphy- 
laxis, disease rebound upon discontinuation, or skin atrophy. Tacrolimus is suitable 
for use on all areas of skin, except the mucous membranes, and particularly on sen- 
sitive skin areas such as the face and neck. Additionally, tacrolimus is effective in all 
demographic groups irrespective of age, gender or ethnicity. 

Currently, tacrolimus ointment is indicated for moderate to severe atopic der- 
matitis. While both the 0.03% and 0.1% ointment strengths are effective within this 
range of disease, the 0.1% formulation is slightly more effective and rapid acting. 
The 0.03% ointment strength is recommended as a maintenance therapy for use on 
affected skin in adults once the disease is under control, and also in paediatric pa- 
tients with atopic dermatitis. 

The greatest advantage of tacrolimus ointment monotherapy over topical corti- 
costeroids is that this agent can be used as an intermittent long-term monotherapy 
without the risk of widespread side effects. In particular, it is non-atrophogenic. 
Thus, patients can use tacrolimus ointment with confidence from the first sign of an 
atopic exacerbation and continue until the inflammation is both symptomatically 
and, more importantly, clinically resolved. Extensive long-term data are now avail- 
able confirming that no novel adverse events occur with extended and repeated 
long-term use. 

The availability of topical tacrolimus as a highly effective monotherapy will sim- 
plify the management of atopic dermatitis in the community setting. As patients 
can use tacrolimus ointment from the first indication of an inflammatory flare or 
pruritus, and re-use it promptly on the same skin area if necessary, the limitation 
on the use of previous topical agents has now been overcome. This is likely to lead 
to a much higher level of symptomatic control and greater patient compliance in 
the tacrolimus-based therapeutic paradigm than was previously achievable with 
steroid-based regimens. Thus, the switch from the corticosteroid-based strategy to 
tacrolimus ointment monotherapy is likely to establish a new gold standard in the 
management of atopic dermatitis in adults. 



Tacrolimus ointment can 
be used as an intermittent 
long-term monotherapy 
without The risk of 
widespread side effects 
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Introduction 



Atopic dermatitis in children has become an important public health concern. The 
prevalence of the condition has trebled in the past 20 years, reaching i5%-20% in 
Western countries [16], and this continuing upward rise shows no signs of being 
reversed. Atopic dermatitis affects primarily infants and children, with the age of 
onset typically between 3 and 6 months old, and this is one of the major challenges 
in contemporary paediatric dermatology. 

The fundamental causes for the increasing prevalence of atopic dermatitis are 
unclear, highlighting the fact that our understanding of the aetiology and pathogen- 
esis of the disease remains incomplete. Recent epidemiological data have raised the 
possibility that infections in early life may protect individuals from subsequent 
atopic dermatitis, such that the relatively sterile modern Western environment that 
we now live in may be implicated in the increasing prevalence of the disease [11]. 
Thus environmental factors including crowded houses, increased family size and ex- 
posure to viral or bacterial diseases may possibly decrease the risk of atopy in infants 
and young children [11]. 

The management of atopic dermatitis in children requires special considera- 
tion [5, 6, 24]. It is very important for the clinician to develop a trusting relationship 
with the patient’s parents during the atopic child’s first visit. It is particularly im- 
portant to explain that the primary aim of the therapy is to control pruritus and the 
eczematous lesions, but that complete cure of the disease is currently not possible. 
The education of both the child and the family often requires considerable time due 
to preconceived misconceptions about the nature of atopic dermatitis. The chronic 
course of the disease must be explained carefully and its potential psychological 
impact adequately considered, with every attempt made to ensure that the life of the 
affected child remains as normal as possible. 

The clinical management of atopic dermatitis should address the three major 
components of active disease, namely infection, inflammation, and xerosis. Within 
the traditional management paradigm, infection is treated with topical antibiotics 
(or systemic antibiotics in the case of acute flares), inflammation with topical corti- 
costeroids (short-term therapy) and xerosis with emollients. In addition to specific 
medical therapies, a wide range of simple measures should be deployed to reduce 
factors that could otherwise increase both the xerosis and the scratching process. 



Environmental factors 
including exposure to viral 
or bacterial diseases may 
possibly decrease the risk 
of atopy in infants and 
young children 



161 





9 Clinical Experience in Children 



Tacrolimus ointment is the 
world's first steroid-free 
topical immunomodtitator 



For instance, a humidifier in the child’s bedroom, cotton clothing and avoidance of 
wool clothes as well as synthetic fabrics may all be helpful. Baths should be of short 
duration (no more than 5 min) and taken in temperate water, as hot water induces 
xerosis. 

Topical corticosteroids are the mainstay of conventional therapy for atopic der- 
matitis, but their limitations have been recognised since they were first introduced 
[8, 12, 13, 18]. The main side effect of local corticosteroid therapy in children and 
adults alike is skin atrophy, characterised by skin thinning, striae, visible veins and 
bruising. Other local side effects include telangiectasia and pigmentation disorders. 
These adverse effects occur more frequently with the persistent use of potent corti- 
costeroids and are most likely to occur in vulnerable locations such as the face and 
gluteal area. In adolescents, the risk of striae on the breasts and thighs necessitates 
careful use of corticosteroids in these areas. 

In addition to local side effects, corticosteroid use is associated with a theoreti- 
cal risk of systemic side effects in children, including adrenal suppression, failure 
to thrive (growth retardation), Cushing’s syndrome, glaucoma and benign cephalic 
hypertension [3, 23, 29]. Young children and infants are at a higher risk of systemic 
effects than adults or adolescents because they have a greater body surface area to 
volume ratio. Reports of such serious adverse effects due to topical corticosteroid use 
are rare, but to minimise the potential for both local and systemic side effects, these 
agents must be used for short-term treatment only and on limited body areas with- 
out occlusion. 

Tacrolimus ointment (Protopic®; Fujisawa) is the world’s first steroid-free topi- 
cal immunomodulator (TIM), and promises to have a transforming impact on the 
management of atopic dermatitis and its associated symptoms. In direct contrast to 
corticosteroids, tacrolimus ointment provides efficacy without atrophogenicity [25]. 
Indeed, in the paediatric population in whom mild topical corticosteroids are typi- 
cally used as a first-line therapy, topical tacrolimus provides superior efficacy and 
can be used for extended periods without the risk of corticosteroid-associated side 
effects. This chapter will review the series of clinical studies that have demonstrated 
the safety and efficacy of tacrolimus ointment in children and describe for dermato- 
logists, paediatricians and general practitioners when and how tacrolimus ointment 
should be used in childhood atopic dermatitis. 



Early Clinical Development 

To date, the use of tacrolimus ointment in the paediatric population is indicated for 
children aged 2 years and above. Although it is anticipated that tacrolimus ointment 
will prove safe and effective in infants, this question has not yet been addressed in 
clinical trials. 
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The concept of developing topical immunomodulators as alternatives to cortico- 
steroids in atopic dermatitis is not new. In the 1980s the possibility of treating atopic 
dermatitis topically with the immunosuppressant cyclosporin was first explored 
[22]. Unfortunately, the efficacy of topical cyclosporin was low. This lack of efficacy 
has been attributed to the high molecular weight of topical cyclosporin, which pre- 
vents it from adequately penetrating the skin [28]. However, the introduction of a 
new product, tacrolimus, with physicochemical properties better suited to topical ap- 
plication, enabled the issue of new, effective and well-tolerated topical products to be 
reconsidered [15, 19]. Initial studies were highly promising and led to the develop- 
ment of tacrolimus ointment in its current formulation. 

Following the development of topical tacrolimus, a number of small-scale studies 
in children [2, 4] indicated that it is a safe and effective treatment for atopic derma- 
titis and established the parameters of its use. The key dose-finding trial in paedi- 
atric patients was a large, parallel-group, fixed-dose study conducted in Europe [4]. 
Patients with moderate to severe atopic dermatitis affecting 5%-30% of their body 
surface area (BSA) were treated with tacrolimus ointment twice daily for up to 
3 weeks. In this study, patients were randomly assigned to be treated with vehicle 
or tacrolimus ointment at increasing strengths of 0.03%, 0.1%, and 0.3%. In all three 
tacrolimus groups, treatment success - defined as an improvement of at least 75% 
in the physician’s global evaluation of clinical response - was recorded in approxi- 
mately 70% of patients, compared with 38% in the vehicle group. There were no dif- 
ferences between any of the treatment groups with regard to safety and tolerability, 
and on these grounds (and based on similar findings obtained in adults) the 0.03% 
and 0.1% ointment strengths progressed to large multicentre trials. 

Dose-finding studies were complemented by a series of pharmacokinetic and 
metabolic studies, the primary purpose of which was to assess the potential for ab- 
sorption of tacrolimus into the systemic circulation following its topical application. 
This is an important issue, because an ideal agent for topical administration should 
combine high efficacy and safety with a low potential for systemic exposure. Stud- 
ies in both adults and children with atopic dermatitis have confirmed that systemic 
exposure to tacrolimus is extremely low [31]. Ex vivo studies of the percutaneous ab- 
sorption of tacrolimus ointment across human skin from cadaveric donors found 
that both the rate and extent of tacrolimus penetration through intact skin were 
extremely low, while incubation of human skin cells with radiolabelled tacrolimus 
( 14 C-tacrolimus) demonstrated that it is not metabolised by human skin. Thus, nei- 
ther tacrolimus nor its metabolites are considered likely to enter the circulation in 
significant quantities following topical administration. In clinical pharmacokinetic 
studies, systemic exposure following topical administration was extremely low in 
most patients and became negligible as the skin healed. In the small number of pa- 
tients in whom detectable levels were found, the levels were transient and at no point 
exceeded 5% of the levels observed following systemic administration of tacrolimus. 
The pharmacokinetic studies performed with tacrolimus ointment are discussed in 
detail in this volume in the chapter by N. Undre (Chap. 6). 
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Table 9.1. Completed clinical trials with tacrolimus ointment in children in Europe and North America 



Study 


Treatment regimen 


Mo, of patients 


Vehicle-controlled 

[21] 


Twice daily 12 weeks, unrestricted treatment area: 
0,03% and 0.1% tacrolimus ointment 
Vehicle (ointment base) 


351 

(235 tacrolimus 
ointment) 


Versus cortico- 
steroids [26] 


Twice daily 3 weeks, unrestricted treatment area: 
0,03% and 0,1% tacrolimus ointment 
0,1% hydrocortisone acetate ointment 


560 

(375 tacrolimus 
ointment) 


Long-term non- 
controlled [14] 


Twice daily 12 months, unrestricted treatment area: 
0.1% tacrolimus ointment 


255 



Major Clinical Studies 

Detailed information on the efficacy, safety and tolerability of tacrolimus ointment in 
children has been published for three pivotal multicentre trials, including a vehicle- 
controlled study, a head-to-head comparison with corticosteroids, and a long-term 
study (Table 9.1) [14, 21, 26]. Data from these three studies will be used in this chap- 
ter to illustrate the clinical utility of tacrolimus ointment in children. A number of 
further studies are ongoing in Europe and the U.S., and several Japanese studies have 
been completed, and the results from all these trials have concurred fully with the 
data described in this chapter. In addition, at the time of writing, studies designed to 
evaluate the safety and efficacy of tacrolimus ointment in infants are being planned. 



Efficacy of Tacrolimus Ointment in Children 

In all clinical trials conducted to date, the efficacy of tacrolimus ointment has been 
assessed in the management of moderate to severe atopic dermatitis. Patients at this 
more severe end of the clinical spectrum were selected rather than patients with 
mild disease as they provided a more stringent test of the clinical effectiveness of 
tacrolimus. Currently, tacrolimus ointment is indicated for patients with moderate 
to severe disease, although it is likely to be equally effective in treating eczematous 
lesions and pruritus across a wide range of disease severities including the milder 
forms of this disease. Some dermatologists might, however, question whether any 
case of atopic dermatitis involving overt eczema or intense pruritus should be con- 
sidered to be mild in severity. 
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Efficacy Assessments 

The core European and U.S. studies of tacrolimus ointment addressed efficacy in 
several complementary ways with the objective of achieving a balanced assessment 
that accurately reflects the true effectiveness of the treatment. Assessments therefore 
included the use of a validated instrument to determine the severity of specific signs 
and symptoms, alongside a global evaluation of disease severity. The specific assess- 
ments used were: 

The Eczema Area and Severity Index (EASI), which is compiled using separate 
scores to represent erythema, oedema/induration/papulation, excoriation, and 
lichenification in each of the four body regions (face/neck, trunk, upper limbs, 
and lower limbs) [9]. Scores for different body regions are then combined using 
a weighted system. The mEASI, a modified form of the EASI that includes the as- 
sessment of pruritus, is a validated instrument which provides a systematic, com- 
posite measure of the severity and extent of atopic dermatitis (Table 9.2). 



Table 9.2. Assessment of the EASI and mEASI criteria 



Steps used to generate scores 


Scores assigned 


To calculate the EASI [9] 

Severity of the four signs of atopic dermatitis (erythema, lichenification, 
oedema/induration/papulation, and excoriation) evaluated in four body 
regions (head/neck, trunk, upper limbs, and lower limbs) 


0-3 per sign 
(absent to severe) 


Resulting scores in each body region for each sign of atopic dermatitis are 
combined to give a total regional score 


0-12 per sign 


Body surface area (BSA) affected is scored for each of the four regions 
(head/ neck, trunk, upper limbs, and lower limbs) 


0-6 per sign 
(where ’O' equals none 
of the body affected 
and '6' represents 
90%“- 100% affected) 


For each body region, the total regional score is multiplied by the score 
for affected BSA 


Regional score (0-12) 
x affected BSA (0-6) 


The number calculated in the last equation is multiplied by a weighted 
constant for each body region and combined with scores from the 
remaining three regions 


0-72 (EASI score) 


To calculate the mEASI 
Patient's assessment of pruritus 


0-3 


Pruritus score £0—3) is multiplied by the affected BSA score (0-6) for each 
of the four body regions (head/ neck, trunk, upper limbs, and lower limbs) 


0-18 


Scores for each body region are combined with the weighting system used 
to calculate the EASI. The total score (0—18) is added to the EASI score 


0-90 
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To obtain a numerical assessment of the overall burden of atopic dermatitis 
symptoms during a defined study period, the concept of the area-under- the- 
concentration-time-curve (AUC) was applied to mEASI scores. The mEASI AUC 
thus provided an overall summation of the burden of atopic dermatitis during the 
course of a study. It was usually expressed as a percentage of baseline mEASI score 
to show the degree to which the burden of atopic dermatitis was reduced by the 
study treatment. This is important because atopic dermatitis is a disease of 
fluctuating severity, and it is only by assessing the presence and absence of 
disease throughout a treatment period that a complete assessment of the level 
of control can be obtained. 

The physician’s global evaluation of clinical response. Here, the physician rated 
the response as one of seven categories from worse (<o) through no appreciable 
improvement (o%-29% improvement), slight improvement (30%-49%), moder- 
ate improvement (50%-74%), marked improvement (75%— 89%), to excellent im- 
provement (90%-99%) and cleared (100%). 

The physician’s estimation of the percentage of body surface area (BSA) affected 
by symptomatic atopic dermatitis. The percentage of each body region (head/ 
neck, trunk, upper limbs, and lower limbs) affected by atopic dermatitis was 
calculated independently and a total percentage derived using the same weight- 
ing procedure as that used for the EASI. 



Comparison with Vehicle 

The efficacy of tacrolimus ointment in children aged 2-15 years was compared with 
vehicle (ointment base only) in a double-blind, parallel-group study conducted at 23 
centres in the U.S. [21]. Patients were randomised to treatment with vehicle (77=116), 
0.03% tacrolimus ointment (77=117) or 0.1% tacrolimus ointment (77=118); the latter 
ointment strength (0.1%) is approximately three times stronger than the formula- 
tion commercially available for paediatrics. The median age of the children in each 
treatment group was 5 years, with a range of 2-15 years. The ethnic profile of the 
patient population was varied: approximately 25% of study participants were of 
African-American ethnicity and 6% were of Asian descent. All patients enrolled into 
the 12-week study had moderate to severe atopic dermatitis. Patients applied treat- 
ment twice daily to all affected areas until symptoms had resolved completely. 

The primary efficacy end point used in this study was “treatment success”, de- 
fined in the study protocol as an improvement of at least 90% in atopic dermatitis 
according to the physician’s global evaluation of clinical response. 

In total, success defined in these terms was observed in 35.9% and 40.7% of pa- 
tients treated with 0.03% and 0.1% tacrolimus ointments, respectively, compared 
with only 6.9% of vehicle-treated patients who achieved treatment success (p< 0.001) 
[21] (Fig. 9.1). However, when patients with moderate to severe atopic dermatitis 
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Figure 9.1. Vehicle-controlled multicentre study: physician’s global evaluation of improvement at 
12 weeks 



are considered, the defined efficacy end point of at least 90% improvement would 
be considered by most dermatologists to be an excessively stringent measure and 
not reflective of true clinical effectiveness [21]. A more reasonable threshold of 
at least 75% global improvement was achieved by 55.6% of patients treated with 
0.03% tacrolimus ointment and 56.8% of patients treated with the higher ointment 
strength (0.1%), compared with 17.9% of vehicle-treated patients (data on file, Fuji- 
sawa Healthcare - paediatric slide kit). A 30% improvement, which would still be 
considered an effective response in patients with atopic dermatitis of this severity, 
was observed in 72.6% and 78.0% of tacrolimus ointment 0.03%- and 0.1%-treated 
patients, respectively, compared with only 26.7% of vehicle-treated patients [21] 
(see Fig. 9.1). 

Effectiveness in Children of Different Ages 

The results were stratified to analyse the efficacy of tacrolimus ointment indepen- 
dently in younger children aged 2-6 years and in older children aged 7-15 years. The 
results demonstrated that tacrolimus ointment was highly and equally effective in 
both of these age groups, although a trend towards even greater efficacy in younger 
children was demonstrated. 



167 






9 Clinical Experience in Children 



Reduction in BSA Affected 

Both strengths of tacrolimus ointment were associated with a significantly greater 
improvement in affected BSA compared with vehicle (p<o.ooi). In total, a median of 
one-half to two thirds of patients' BSA affected by atopic dermatitis cleared com- 
pletely during the 12-week study. 



The Overall Burden of Atopic Dermatitis; Assessment of the mEASI AUC 

As described above, the mEASI AUC provides a quantitative assessment of the total 
burden of atopic dermatitis throughout the study period, in this case a duration of 
12 weeks. Whereas the median mEASI AUC in the vehicle group was 85.1% of the 
mEASI score at baseline, it was 53.7% and 53.5% in the 0.03% and 0.1% tacrolimus 
ointment groups, respectively. This indicates that, as one would expect, the overall 
burden of atopic dermatitis was reduced substantially, by approximately half, in 
patients who applied tacrolimus ointment. Considering that this is a group of pa- 
tients with moderate to severe atopic dermatitis, this represents a substantial clini- 
cal achievement. 



Rate of Healing 

Tacrolimus ointment treatment was associated with a rapid rate of healing, with sig- 
nificant clinical improvements occurring within days and cumulative improvement 
observed with continued use. Within 4 days, there was a mean absolute reduction in 
the EASI score of over 10 points in both tacrolimus ointment treatment groups. By 
week 12 or the end of treatment, whichever came first, the reduction in EASI score 
had risen to approximately 14.0 points in the 0.03% tacrolimus ointment group and 
15.0 points in the 0.1% tacrolimus ointment group, compared with just a 2-point re- 
duction in the vehicle group (Fig. 9.2). 

Different Clinical Features of Atopic Dermatitis 

The efficacy of tacrolimus ointment in treating the different symptoms of moderate 
to severe atopic dermatitis - namely, erythema, oedema/induration/papulation, ex- 
coriation, lichenification, and pruritus - was assessed by independently examining 
the mEASI scores for each of these symptom groups (Table 9.2). Across all five sets 
of symptoms, both strengths of tacrolimus ointment proved highly effective, with 
comparable responses for the 0.03% and 0.1% ointment strengths and significantly 
greater improvements than were achieved with vehicle. 
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Figure 9.2. Vehicle-controlled 12-week multicentre study: decline in EASI score, change from baseline 
to end of treatment. *p <0.001 vs. vehicle 



Efficacy of Tacrolimus Ointment in Different Body Regions 

The efficacy of tacrolimus ointment in different body areas was assessed by analys- 
ing the mEASI scores for each region. Tacrolimus ointment was comparably effective 
in all regions, with improvements in the face and neck matching those observed for 
the body as a whole. This is important from a cosmetic point of view, because the 
face and neck are highly visible and often particularly vulnerable to the effects of 
corticosteroids. 

Efficacy of Tacrolimus Ointment in Different Ethnic Groups 

As described above, this large U.S. study had an ethnically diverse patient base, with 
approximately 25% African-Americans and 6% Asians participating. Tacrolimus 
ointment was equally effective and well tolerated in patients regardless of their 
ethnicity, indicating that it can be used with confidence in patients regardless of their 
ethnic background. 
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Comparison with Corticosteroids 

The clinical effectiveness of tacrolimus ointment is best assessed in comparison with 
standard first-line corticosteroid-based treatment for atopic dermatitis. This issue 
has been addressed in a large, head-to-head comparative study of tacrolimus oint- 
ment and corticosteroid-based care involving 560 patients aged 2-15 years that was 
conducted at 27 centres in six European countries and Canada [26]. The reference 
corticosteroid chosen for this study was hydrocortisone acetate 1% ointment, a mild 
topical corticosteroid that is often used for the first-line treatment of moderate to 
severe atopic dermatitis in children. Patients were randomised to receive 0.03% 
tacrolimus ointment (n= 189), 0.1% tacrolimus ointment (71=186) or hydrocortisone 
acetate 1% ointment (71=185). Study medication was applied twice daily to all affected 
areas until complete resolution of atopic dermatitis symptoms. However, the dura- 
tion of treatment was restricted to only 3 weeks for ethical reasons, as a longer study 
would have placed patients in the corticosteroid-based arm at risk of skin atrophy. 

Tacrolimus ointment did not merely match, but significantly exceeded the effi- 
cacy of the reference steroid in terms of both the degree and rate of clinical improve- 
ment. The primary end point was the overall burden of atopic dermatitis as quan- 
tified by the mEASI AUC, expressed as a percentage of baseline disease severity 
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Figure 9.3. Comparison with corticosteroids: overall burden of atopic dermatitis as assessed by 
mEASI AUC. *p <0.001 vs. 1% hydrocortisone acetate; **p <0.05 vs. 0.03% tacrolimus ointment 
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(Fig. 9.3). Both strengths of tacrolimus ointment proved significantly more effective 
than hydrocortisone acetate 1%, with a mean improvement from baseline of approxi- 
mately 50% with 0.03% tacrolimus ointment, 60% with 0.1% tacrolimus ointment, 
and 36% with the corticosteroid (p< 0.001). The higher- strength 0.1% tacrolimus 
ointment was significantly more effective than the lower-strength 0.03% formulation 
(p=o.oo6). A similar degree of superiority was observed when the face and neck 
region was considered independently. 

The findings for mEASI AUC were matched by results for the physician’s global 
evaluation of clinical response, which also indicated a stronger therapeutic response 
with tacrolimus ointment treatment than with standard corticosteroid-based ther- 
apy (Fig. 9.4). In total, 62.6% of patients treated with 0.03% tacrolimus ointment and 
73.9% of patients treated with 0.1% tacrolimus achieved a global improvement of at 
least 75% in the 3-week trial, compared with 32.4% of corticosteroid-treated patients. 

Similarly, the percentage of BSA affected by atopic dermatitis was reduced to a 
greater degree in the tacrolimus ointment groups than in the group treated with the 
corticosteroid. The mean percentage decrease in the percent affected BSA was 30.5% 
for the hydrocortisone acetate group, 56.9% for the 0.03% tacrolimus group, and 67% 
for the 0.1% tacrolimus group (Fig. 9.5). At baseline, the median percentage affected 
BSA ranged from 23.3% to 26.0%. After 3 weeks, a median reduction of 6.7% in to- 
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Figure 9.4. Comparison with corticosteroids: physician’s global assessment of improvement 
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Figure 9.5. Comparison with corticosteroids: reduction in total body surface area affected by sympto- 
matic atopic dermatitis. *p <0.001 vs. 1% hydrocortisone acetate; **p =0.001 vs. 0.03% tacrolimus oint- 
ment 




Figure 9.6. Comparison with corticosteroids: reduction in pruritus scores 
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tal affected BSA was observed in the corticosteroid group, compared with reductions 
of 13.0% and 15.0% in the 0.03% and 0.1% tacrolimus ointment groups, respectively. 
This was equivalent to a reduction of one-half to two thirds of the BSA affected by 
atopic dermatitis. 

As with the vehicle- controlled trials, both strengths of tacrolimus ointment were 
effective in both younger children aged 2-6 and older children aged 7-15 years. 
Tacrolimus ointment was equally effective on all body regions when these were 
analysed separately, including the face and neck areas. 



Rate of Improvement 

The superiority of tacrolimus ointment therapy over standard first-line corticoster- 
oid-based therapy in these paediatric patients with moderate to severe disease was 
also demonstrated in the more rapid and sustained rate of healing seen with tacro- 
limus ointment. A rapid reduction in mEASI score was seen as early as day 3 in all 
three treatment groups, but the magnitude of this improvement was greater with 
both 0.1% and 0.03% tacrolimus ointment than with hydrocortisone acetate oint- 
ment. Furthermore, these results are in agreement with additional efficacy assess- 
ments. Marked improvements, defined as reductions in the percentage of affected 
BSA and patients’ assessment of pruritus, were observed (Fig. 9.6). 



Selection of 0,03% Tacrolimus Ointment for Standard Use 

In the U.S. vehicle-controlled trial, both 0.03% and 0.1% tacrolimus ointment pro- 
duced rapid and substantial clinical improvements in the signs and symptoms of 
atopic dermatitis in children. No statistically significant differences were observed 
between the two ointment strengths for any efficacy parameters evaluated. In the 
European comparative trial, although 0.1% tacrolimus ointment was more effective 
than the 0.03% strength for most efficacy measurements, both formulations were su- 
perior to hydrocortisone acetate 1% ointment in the treatment of atopic dermatitis. 
Therefore, on the basis of this evidence, 0.03% tacrolimus ointment only was li- 
censed for use in children because the 0.1% strength was not perceived as providing 
sufficient additional clinical benefits over the 0.03% ointment concentration. How- 
ever, it is also worth noting that safety issues were not a consideration that resulted 
in this treatment recommendation. 



Long-Term Efficacy 

A further problem with corticosteroid therapy is tachyphylaxis, the gradual reduc- 
tion in a drug’s effectiveness, thus necessitating increased dosing to ensure the same 
level of clinical response [12]. Long-term use of steroids is in any case undesirable, 
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but this problem has rendered using these agents even more challenging for physi- 
cians managing atopic dermatitis. It was therefore important to determine whether 
the efficacy of tacrolimus ointment was sustained in the long term. 

A large multicentre study was conducted in the U.S. to investigate the long-term 
effects of tacrolimus ointment in paediatric patients [14]. In total, 255 patients with 
moderate to severe atopic dermatitis were recruited into the study, all of whom were 
treated with 0.1% tacrolimus ointment. This higher ointment strength (0.1%), which 
is approximately three times more potent than the 0.03% formulation that is licensed 
for use in children, was selected primarily to assess the long-term safety of topical 
tacrolimus. Treatment was applied twice daily to all affected areas until one week 
after clearance and follow-up was continued for 1 year. Patients applied tacrolimus 
ointment for an average of 279 days. 

As with the short-term clinical trials, the onset of the therapeutic efficacy of tacro- 
limus ointment was very rapid, with the largest improvements observed within the 
first week of treatment, as assessed by total clinical score, mEASI and pruritus scores, 
as well as by mean percentage BSA affected. Further clinical improvement continued 
up to month 3 and was then maintained for the remainder of the study (Fig. 9.7). Im- 
portantly, there was no evidence of tachyphylaxis, but rather efficacy was sustained 
throughout the follow-up period. Dermatologists may therefore be confident that 
with long-term administration, paediatric patients will continue to benefit from 
tacrolimus ointment. 



Safety and Tolerability 

Both the safety and tolerability of tacrolimus in paediatric use have been investi- 
gated in clinical trials and extensive post-marketing surveillance. The tolerability 
and safety of the treatment have proved to be excellent, with no steroid-like side 
effects in the short- or long-term, few discontinuations due to poor tolerability, and 
no trends towards any serious adverse events or abnormal laboratory values. 

The tolerability profile of tacrolimus ointment was first assessed in the 12-week, 
vehicle- controlled trial performed in the U.S. and introduced earlier in this chapter 
[21]. In this study, although more patients applying tacrolimus ointment reported ad- 
verse events than those using vehicle, fewer children withdrew due to adverse events 
and there was no significant difference between the tacrolimus ointment and vehicle 
groups with regard to the frequency of treatment-related non-application-site ad- 
verse events. 

Two local, application-site adverse events, a mild, transient sense of skin burning 
and post-application pruritus, occurred more frequently with tacrolimus ointment 
(Fig. 9.8). These effects were, however, mild to moderate in intensity and of brief 
duration (occurring during the first few days of treatment) following application of 
tacrolimus ointment. Furthermore, they did not interfere with treatment, allowing 
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Figure 9.8. Vehicle-controlled study: specific application-site adverse events observed more frequently 
in the tacrolimus ointment groups. *p =<0.05 vs. vehicle 



patients to continue use of tacrolimus ointment in the long term. As the skin heals, 
the frequency of skin burning and pruritus declines rapidly with continued treat- 
ment. This is also shown in the 3-week, steroid-controlled trial [26]. In this study, 
although the incidence of skin burning and pruritus was significantly higher in the 
tacrolimus ointment group during the first few days, by week 3 skin burning was 
reported in only 1.1% of children, and pruritus in 2.9% of children using the 
licensed 0.03% strength of tacrolimus ointment [26]. Thus, the application-site 
adverse events seen with topical tacrolimus not only are generally mild in severity as 
well as transient, but also rapidly ameliorate and do not interfere with treatment. 
These findings demonstrate that tacrolimus ointment is well tolerated, with adverse 
events occurring predominantly at the site of application. 

The potential for infections, occurring either systemically or at the site of appli- 
cation, was monitored throughout the tacrolimus clinical trials in order to discount 
the possibility of immunosuppression. The problem of skin infections is augmented 
in patients with atopic dermatitis since eczematous skin is frequently vulnerable 
to both bacterial and viral infections. In fact, Staphylococcus aureus is present on 
lesional skin in over 90% of patients with atopic dermatitis [1]. It has been shown 
that tacrolimus ointment is associated with a reduction in staphylococcal-infected 
atopic dermatitis lesions [27], reducing the likelihood of S. aureus - mediated disease 
exacerbation. 
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A number of viral skin infections were observed in paediatric patients treated 
with tacrolimus ointment, including herpes simplex (eczema herpeticum), herpes 
zoster (shingles), varicella (chickenpox), molluscum contagiosum and warts. As would 
be expected in a paediatric population, the incidence of varicella was higher than that 
of any other infection. However, no local skin infection was found to be statistically 
significantly more common with tacrolimus ointment [14], particularly in compari- 
son with reference therapy when data from both the vehicle and corticosteroid stud- 
ies (plus three adult studies) were pooled (data on file, Fujisawa GmbH). Although, 
on the basis of these data, there does not appear to be an increased risk for these 
viral infections with tacrolimus ointment, physicians are recommended to exercise 
caution when prescribing tacrolimus ointment in patients who have active herpes 
simplex or herpes zoster infections. No consistent trends or notable differences among 
the treatment and control groups were observed in any laboratory value [21, 26]. 



Long-Term Safety and Tolerability 

Long-term treatment with tacrolimus ointment was not associated with any new ad- 
verse events not previously seen in the short-term clinical trials [14]. In the 12-month 
study, extended use of tacrolimus ointment over this period was not associated with 
an increase in the incidence of any type of adverse event except for an increase in the 
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Figure 9.9. Long-term tolerability of 0.1% tacrolimus ointment: prevalence of application-site pruri- 
tus and skin burning during the first month of the study 
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Table 9.3. Long-term study with tacrolimus ointment: incidence of 
adverse events [14] 



Adverse Event 1 


Frequency [%j (n=25S) 


Skin and appendages 


Skin burning 


25.9 


Pruritus 


231 


Herpes simplex 


5.1 


Skin erythema 


9.0 


Skin infection 


11.4 


Folliculitis 


2.0 


Body as a whole 


Allergic reaction 2 


153 


Flu syndrome 


34.5 


infection 


7.8 


Fever 


17.6 


Accidental injury 


10.6 


Nervous system 




Headache 


18.0 


Other 


Asthma 


| 16.1 j 


Cough worsened 


14.5 



1 Only skin burning and pruritus were considered to be treatment-related. 

2 Includes food allergies, allergies to grass, cats, etc. 



frequency of cough and asthma compared with the shorter-duration trials, but these 
events were seasonal and entirely within the normal parameters for paediatric pa- 
tients (Table 9.3). As shown in Fig. 9.9, there was a progressive amelioration of appli- 
cation-site adverse events, while, importantly, no notable increase in the incidence of 
any local skin infection was reported. 

No abnormal trends were observed for any laboratory parameter during the 
course of the long-term study [14], indicating that systemic absorption is minimal 
and thus the risk of systemic exposure is negligible. 



Recent Long Term Safety Data 

The above data have been confirmed by the results of a recent long-term study [10]. 
In this open-label, non-comparative, multicentre extension trial, tacrolimus oint- 
ment 0.1% was applied twice daily to affected areas. Almost half (46%) of the 391 
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patients aged 2-15 years were treated with tacrolimus ointment intermittently for 
more than 3 years up to a maximum of 49 months. There was no indication of an 
increased risk for any adverse event and hazard rate analyses demonstrated no in- 
creased risk of cutaneous or systemic infection or other adverse events with long- 
term use of 0.1% tacrolimus ointment. The incidence of skin infections, including 
herpes simplex and warts, was comparable to or lower than that previously reported 
in patients with AD. 



Skin Atrophy 

While the comparative study with corticosteroids was restricted to 3 weeks’ duration 
to prevent the risk of skin atrophy in the corticosteroid-treated paediatric patients, 
all clinical studies conducted with tacrolimus ointment have screened patients for 
signs of skin atrophy. Furthermore, although not specifically assessed, no reports 
of skin atrophy were noted in children taking part in the 12-month study, and in 
whom the higher strength of tacrolimus ointment (0.1%) was used [14]. Studies of up 
to 2 years’ duration conducted in adults using tacrolimus ointment have found no 
reduction in skin thickness as assessed by ultrasound or collagen synthesis evalu- 
ated using biochemical markers (data on file, Reitamo 2-year skin atrophy data; [25] ). 
Furthermore, corticosteroid-related skin atrophy was reversed following conversion 
to tacrolimus ointment-based therapy. 



Immunomodulation 

In a seven-week, open-label, non-comparative study of 26 children with AD aged 
2-12 years, the effect of tacrolimus ointment on B- and T-cell immunity and the anti- 
body response following administration of the pneumococcal polysaccharide vac- 
cine (Pneumovax®23) was assessed [30]. 

Subjects with at least 10% body surface area involvement applied tacrolimus 
ointment 0.03% twice daily. At the week 3 visit, Pneumovax®23 was administered. 
Immunological parameters included lymphocyte subsets, immunoglobulin isotypes, 
mitogen and antigen-specific T-cell proliferative responses and antibody response to 
the tetanus vaccine, as well as Pneumovax®23. There was no decrease in IgG levels 
associated with tacrolimus use in any of the subjects. There were no significant 
changes in the immune parameters and subjects were able to effectively generate a 
protective response to the Pneumovax®23 vaccine. These data support prior studies 
demonstrating the absence of systemic immunosuppressive effects and a selective 
local immunomodulation in the skin in AD patients treated with tacrolimus oint- 
ment. 
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Summary 



There is no evidence that 
tacrolimus ointment is 
associated with an 
increased incidence of skin 
infections 



In summary, the data from all short- and long-term paediatric studies indicate that 
tacrolimus ointment is a safe and well-tolerated treatment. A local, mild and transient 
burning sensation and pruritus following application are the most common adverse 
events, but their frequency declines rapidly, and neither of these factors was a cause 
for treatment discontinuation. No new adverse events occurred with extended use, 
and there is no evidence of skin atrophy with tacrolimus ointment. While vigilance 
for local skin infections, particularly viral infections, is advisable with any agent that 
has the potential to modulate the immune responses to the disease, there is no evi- 
dence that tacrolimus ointment is associated with an increased incidence of skin in- 
fections. More recently, these findings have been supported by the monitoring of 
more patients during post-marketing surveillance, extending the total number of 
patients treated with tacrolimus ointment to over 13 000 [20]. 



Impact of Tacrolimus Ointment on Quality of Life 

Quality of life (QoL) is an important measure of clinical outcome for patients with 
atopic dermatitis. In addition, it provides a valuable corollary to both efficacy and 
tolerability data. The impact of tacrolimus ointment treatment on QoL was assessed 
in the 12-week vehicle-controlled study conducted in the U.S. [7, 21]. 

To assess the impact of treatment on QoL, children 5-15 years of age completed 
a specific survey, the Children's Dermatology Life Quality Index (CDLQI) [17]. This 
tool enables separate assessments of a spectrum of QoL dimensions including symp- 
toms and feelings, daily activities, leisure, impact during school or on holiday, per- 
sonal relationships, sleep and treatment compliance. By combining scores for each 
of these categories the questionnaire provides an overall QoL score. 

For toddlers aged 2-4 years, relatives and caregivers of patients completed the 
Toddler Survey, a modified version of the CDLQI customised for the lifestyle and 
challenges faced by toddlers. Survey categories include assessments of symptoms 
and feelings, activities, sleep and treatment, again combining scores from different 
categories to produce a total QoL score. 

At baseline, the QoL of all patients was seriously affected as a result of atopic der- 
matitis. More than 60% of children reported that they were “very much affected”, 
“a lot affected” or “a little affected” regarding pruritus/pain, feelings of self-conscious- 
ness, and in the areas of dressing, sleeping and complying with treatment. Toddlers' 
relatives and caregivers stated that 85% of toddlers were affected “very much”, “a lot” 
or “a little” regarding pruritus/pain, being upset/sad, sleeping, and with treatment 
compliance. 
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Figure 9.10. Improvement in total quality of life score. (Adapted from data from [7]). *p <0.0001 vs. 
vehicle. Absolute reduction in total score from baseline to end of treatment 



Tacrolimus ointment had a strong beneficial effect on total QoL (Fig. 9.10). Com- 
pared with vehicle, both strengths of tacrolimus ointment (0.1% and 0.03%) were 
associated with pronounced and statistically significant improvements in both indi- 
vidual QoL categories as well as in terms of the total QoL score. Comparable degrees 
of improvement were noted in toddlers and young children, as well as in adolescents, 
according to all the QoL categories assessed. While greater improvements were 
achieved in the patients treated with tacrolimus 0.1% ointment during the 12 weeks, 
both the 0.1% and 0.03% strengths achieved significantly greater QoL improve- 
ments than were observed in the vehicle group (p< 0.05 versus vehicle). At the end 
of the study, more than 80% of parents or caregivers expressed a wish to continue 
treatment with tacrolimus ointment for their children or toddlers, illustrating the 
positive impact this therapy had on these children seriously affected with atopic 
dermatitis. 
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Conclusions 



The long-term safety of 
tacrolimus ointment is of 
great benefit to paediatric 
patients 



Despite our growing understanding of the aetiology and pathogenesis of atopic der- 
matitis, complete cure of this disease remains the goal for many physicians and pa- 
tients alike. The conventional, short-term, topical corticosteroid-based management 
programme is suboptimal for many atopic dermatitis patients. This is particularly so 
for children, in whom steroids must be used with considerable care to achieve 
prompt and effective symptomatic control without causing side effects. Yet the lack 
of any viable alternative has meant that for all these shortcomings, conventional, 
short-term, corticosteroid-based management has dominated the treatment of 
childhood atopic dermatitis for many years. 

Now, the emergence of tacrolimus ointment has provided the dermatology com- 
munity with a safe and effective steroid-free alternative agent that has the potential 
to modify the disease. As the clinical trials conducted in children and reviewed in 
this chapter have demonstrated, tacrolimus ointment controls the symptoms of mo- 
derate to severe atopic dermatitis with greater efficacy and speed than that achieved 
with conventionally prescribed topical corticosteroids for paediatric patients. Fur- 
thermore, tacrolimus ointment has been used for extended periods of time with- 
out the risk of steroid-related side effects and has been shown to be safe, effective 
and well tolerated. The long-term safety of tacrolimus ointment is of great benefit to 
paediatric patients, in whom corticosteroid therapy is unsuitable for long-term use. 

This is a long overdue advance for this important field of dermatology and will 
undoubtedly be welcomed by physicians, patients and their families as well as care- 
givers. Furthermore, the adoption of tacrolimus ointment as a real alternative to 
corticosteroids for the management of atopic dermatitis should result in a shift in 
the way the disease is managed within the community setting. With the removal of 
the threat of skin atrophy and other steroid-type side effects, there is likely to be a 
transition from a reactive management paradigm, in which corticosteroids are used 
to control exacerbations, to a proactive one in which tacrolimus ointment can be 
applied at the first sign of inflammation and continued until symptoms resolve. This 
model of care is likely to revolutionise the management as well as the perceptions of 
atopic dermatitis. 
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Introduction 

Sometimes exciting and important changes occur that comprise a wholly new thera- 
peutic approach, resulting in a sudden and marked improvement within a field of 
medicine. Throughout the history of medicine it has been these periods of rapid 
change, the quantum shifts in which one paradigm is superseded by a new and more 
effective approach, that have marked the course of progress. 

After many years of relative inactivity, such a change is now taking place in 
the management of atopic dermatitis. The driving force behind this alteration is the 
emergence of a fundamentally new class of agents, the non-steroidal topical im- 
munomodulators (TIMs), led by tacrolimus ointment. The purpose of this chapter 
is to chart this paradigm shift. It will consider the limitations of the conventional 
management approach to atopic dermatitis and discuss how the new, tacrolimus 
ointment-based model of management is set to address and overcome these weak- 
nesses. 



The Current Management Model for 
Atopic Dermatitis and Its Limitations 

Over the past few decades, a standard model for the management of atopic derma- 
titis has been developed, as reviewed in this volume by J.D. Bos (Chap. 4). This model 
is based on a two-phase approach, as summarised in Fig. 10.1. In the initial, preven- 
tive phase, the goal is to forestall the development of atopic dermatitis symptoms by 
maintaining an allergen-free environment, practising careful hygiene, employing 
behavioural techniques if possible to reduce scratching, and using emollients to pre- 
vent and treat xerosis. However, recent evidence suggests that these control measures 
are relatively ineffective and do not prevent atopic dermatitis flare-ups [14]. In real- 
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Preventive phase 

Emollients 

Behavioural techniques 

Allergen exclusion 
(e n vi ro n m e nta i/I if esty I e 
measures) 



Weaknesses 

■ Significant burden for 
patients/families 

■ Increased emphasis on 
prevention due to 
weaknesses of treatment 
phase 



Treatment phase 

m Mainstay therapy: topical 
corticosteroids 

* Adj u n ctl ve : sedati ve 
antihistamines 

■ Additional therapies: UV f 
systemic corticosteroids, 
oral cyclosporin etc 

Weaknesses 

Side effects (e.g. skin atrophy 
nephrotoxicity of cyclosporin) 

Poor disease control in 
many cases 

Excessive reliance on preventive 
phase/additional therapies 



Figure 10.1. The traditional model of atopic dermatitis management and its weaknesses involves pre- 
ventive and treatment phases. Treatment-phase management is compromised by the inherent limita- 
tions of topical corticosteroids, and this in turn places increased stress on the preventive phase of 
management 



ity, avoidance of stress, a key trigger in the development of the disease and therefore 
probably one of the most important factors to limit, may help to reduce or prevent 
disease relapse and flares. 

The second treatment phase of the conventional model depends on prompt 
medical intervention to treat inflammatory episodes, primarily with short-term 
topical corticosteroids. Other agents such as sedative antihistamines and tar pre- 
parations may be used as an alternative to corticosteroids in mild atopic dermatitis 
or concomitantly to reduce steroid use. A range of second-line therapies including 
systemic immunomodulators and phototherapy maybe used in corticosteroid treat- 
ment-resistant cases. 

Although the preventive phase of this paradigm is important, achieving a high 
degree of success may place a significant burden on patients with atopic dermatitis, 
and indeed their families, in terms of the lifestyle modifications required. It is likely 
that in many cases, preventive measures are not performed adequately. Furthermore, 
there may be many instances in which the patient’s atopic state is such that even 
if carried out satisfactorily, preventive measures are not sufficient to preclude the 
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development of inflammatory flares. Thus, the preventive phase is often of limited 
success and is seldom sufficiently effective in controlling the disease when used 
alone. 

For all the shortcomings of the preventive phase, the difficulties encountered in 
the treatment phase of atopic dermatitis management are much greater. The heart 
of the problem is the reliance of the standard model on topical corticosteroids as 
first-line therapy. Although these agents are effective, their side-effect profile limits 
their duration of use, often to less time than is required for adequate disease control 
[13, 26]. 

Potentially the most problematic side effect of topical corticosteroids is skin atro- 
phy, although other effects such as pigmentation disorders and telangiectasia may 
be significant in some patients. There are particular problems with applying steroid 
regimens to sensitive areas of the skin, such as the face and skin folds where the skin 
is especially vulnerable to corticosteroid-related side effects. This is unfortunate with 
regard to face and neck atopic dermatitis due to the importance of controlling the 
disease in this highly visible area where symptoms are likely to have a particularly 
adverse effect on quality of life [8]. In young children there is also a small risk of ad- 
verse systemic exposure, which theoretically could lead to a spectrum of adverse 
effects such as failure to thrive (growth retardation), adrenal suppression, Cushing’s 
syndrome, glaucoma and benign cephalic hypertension [2, 38, 45]. Reports of syste- 
mic effects from topical corticosteroid application are infrequent but, nevertheless, 
add to the problems inherent with the use of these agents and may also contribute 
to corticosteroid phobia. 

The problem of side effects introduces considerable practical complications into 
topical corticosteroid use. These involve several clinical considerations including the 
potency of the agent, the stage at which treatment should be initiated and, most 
importantly, the duration of treatment. Regarding potency, the ideal choice of steroid 
is the agent with the lowest potency that rapidly and effectively relieves symptoms. 
However, in atopic dermatitis it is generally accepted that a relatively potent agent 
should be used in the first instance to achieve rapid control of inflammation [10], 
although treatment may be tailored to a less potent agent once disease control is 
achieved. Treatment should be initiated at an early stage, rather than delaying until 
the disease worsens, and ideally continued for 1 week until clearance of symptoms 
to ensure complete skin healing and resolution of inflammatory processes [3]. 

Herein lies the central difficulty of the standard model of atopic dermatitis man- 
agement. Topical corticosteroids cannot be used to treat any given area of skin for 
a prolonged period but must be administered in short treatment windows of a few 
weeks at most [13, 26]. It is this important limitation that most undermines the 
effectiveness of corticosteroids and, therefore, the traditional approaches to atopic 
dermatitis management, because it may not always be possible to achieve resolution 
of an inflammatory exacerbation before local side effects begin to occur. 
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Two additional features of topical corticosteroids further compromise their util- 
ity in atopic dermatitis. Firstly, they may sometimes be associated with tachyphy- 
laxis; a reduction in therapeutic efficacy with prolonged use, such that increasingly 
potent agents are needed to achieve the same degree of symptomatic control [52]. 
Secondly, some patients may experience disease rebound after discontinuation of 
corticosteroid treatment [48], which is highly problematic because treatment cannot 
readily be re-initiated without risking side effects. The effect of these two phenom- 
ena is to increase gradually the dependency of many patients with atopic dermati- 
tis, which is almost always a chronic disease, on prolonged and repeated use of more 
potent agents. Consequently, this action may elevate the risk of side effects occurring 
before the disease is controlled adequately. With careful management and close clini- 
cal supervision, the problems associated with corticosteroid use can often be 
avoided. However, efficient control of atopic dermatitis with topical corticosteroids 
is frequently difficult to achieve in the day-to-day community setting. The challenge 
of using corticosteroids correctly is especially daunting for the many patients or 
parents who are wary of corticosteroid-related side effects to such a degree that 
it amounts to corticosteroid phobia [5], while others are insufficiently informed 
about how corticosteroids should be used [3]. Such patient-related factors lead on 
the one hand to under-use and consequent poor symptomatic control, and on the 
other hand to over-use and hence the potential for steroid-related side effects [5, 9]. 
Thus in many cases, atopic dermatitis is currently not treated adequately in the com- 
munity [9]. 

The failure of corticosteroid-based management to control atopic dermatitis in- 
troduces excessive stress into other aspects of the standard model of management. 
For instance, many patients may feel compelled to implement lifestyle and envi- 
ronmental measures, which can compromise their quality of life, in order to avoid 
inflammatory exacerbations and the adverse events associated with corticosteroids. 
Equally, second-line therapies for atopic dermatitis, such as systemic immunomodu- 
latory therapies and ultraviolet phototherapy, are probably utilised more frequently 
than is desirable due to the difficulties in achieving effective control with the cortico- 
steroid paradigm. There is also significant recourse to alternative therapies such as 
Chinese herbal medicine [47], which, although possibly effective in some cases, has 
generally not been rigorously investigated in terms of either efficacy or safety. 

In addition, the inadequacies of corticosteroid- focused management mean that 
many cases of atopic dermatitis in the community setting are not treated effectively, 
and this further weakens and compromises the traditional model of atopic derma- 
titis management. There is clearly a major unmet medical need for an effective and 
well-tolerated treatment that can be used safely not just for restricted periods, but if 
necessary for extended duration and repeatedly without fear of treatment-limiting 
side effects. This is precisely the role that tacrolimus ointment has been introduced 
to fulfil. 
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Tacrolimus ointment is the first steroid-free topical immunomodulator (TIM). Ra- 
ther than exerting a broad spectrum of effects on cell signalling that is typical of 
corticosteroids (Fig. 10.2a), tacrolimus ointment specifically targets a small number 
of core signalling processes associated with the inappropriate local activation of 
the immune system characteristic of atopic skin (Fig. 10.2b). The systems governing 
normal cell turnover are either unaffected by tacrolimus ointment or possibly, in the 
case of collagen synthesis, enhanced. 

As reviewed by Assmann, Homey and Ruzicka in the chapter on “Tacrolimus 
as an Immunomodulator” in this volume (Chap. 7), a central effect of tacrolimus 
ointment is its specific targeting of type 2 T-helper cell (Th2) overactivity (see Fig. 10.2b), 
which is thought to be a key determinant of atopic dermatitis pathogenesis. T-hel- 
per cells release a number of cytokines and inflammatory mediators that drive the 
immune and inflammatory responses associated with the disease. A key character- 
istic of atopic dermatitis is the imbalance between the level of activity of Thi and 
Th2 cells, with a dominant Th2-type response to allergens in the acute phase of 
this disease [20-22]. Consequently, the pathological activation of Th2 cells appears 
to drive the development of atopic dermatitis lesions, attracting many other classes 
of immune cells to the lesion site. In contrast, Thi-cell activity appears to predomi- 
nate in chronic lesions. 

Tacrolimus, the active agent in tacrolimus ointment, prevents T-cell activation 
by blocking the calcineurin/NFAT signalling pathway (see Fig. 10.2b) [7, 24, 50]. 
Through this process, it has the capacity to restore a normal Thi/Th2 balance and to 
prevent as well as reverse T-cell activation in both acute and chronic inflammatory 
processes [21]. In addition to blocking T-cell activation, tacrolimus also targets atopic 
dermatitis symptoms through effects directed at a small number of other immuno- 
logical cell types within the skin. In epidermal antigen-presenting cells (Langerhans 
cells and inflammatory dendritic epidermal cells), tacrolimus down-regulates ex- 
pression of FceRI and MHC class I and II components, reducing their capacity to 
stimulate T-helper cells (see Fig. 10.2b) [32, 53]. In eosinophils, tacrolimus reduces 
cell proliferation as well as viability, and inhibits production of IL-3, IL-8 and GM- 
CSF [15, 18]. In basophils and mast cells, tacrolimus inhibits the release of cytokines 
and inflammatory mediators [33, 34, 46]. Together, these effects target the pathogen- 
esis of atopic dermatitis at multiple points, providing a highly effective but also a 
highly specific and selective mechanism for controlling this disease. 

The mechanism of action of tacrolimus is fundamentally different to that of topi- 
cal corticosteroids (see Fig. 10.2a, b), which bind to cytoplasmic steroid receptors that 
in turn interact with numerous glucocorticoid response elements (GREs) within 
the genome [16]. Because GREs are present in many different genes, the actions of 
steroids are broad, and include suppression of NFkB activity, lipocortin activation 
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Figure 10.2. a The mode of action of corticosteroids: no effect on antigen presentation and signal-2 
inhibition, b The mode of action of tacrolimus: decreased antigen presentation and signal-i inhibition 
FceRI high-affinity IgE receptor; FKBP tacrolimus binding protein; IP3 inositol-1,4, 5-triphosphate; 
LC Langerhans cells; MHC II major histocompatibility complex class II; NFAT nuclear factor of acti- 
vated T cells; PKC protein kinase C; TCR T-cell receptor 



leading to a decrease in vascular permeability, and inhibition of inflammatory cyto- 
kine production. These effects suppress the inflammatory responses of atopic der- 
matitis and cause vasoconstriction, which is symptomatically effective, but occur- 
ring in parallel are a number of undesirable effects. Such adverse effects include 
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suppression of both fibroblast proliferation and of the synthesis of extracellular 
matrix materials including collagen. The result is skin atrophy, which can develop 
within four weeks of using corticosteroids and may not be fully reversible [13]. 

The key differentiating property of tacrolimus ointment that arises from its dis- 
tinct and more targeted mechanism of action is that it can be used continuously 
for prolonged periods without any risk of corticosteroid-related side effects. This 
clinical property, a direct result of the molecular match between the action of tacro- 
limus and the pathogenesis of atopic dermatitis, is the most decisive factor in estab- 



Table 10.1. Comparative features of topical corticosteroids and tacrolimus ointment 





Topical corticosteroids 


Tacrolimus ointment 


Molecular 

actions 


Wide range of actions mediated 
through glucocorticoid response 
elements, affecting many cell types 
with both beneficial and potentially 
harmful consequences 


Range of actions directed at specific immuno- 
logical cell types involved in atopic dermatitis 
pathogenesis [T-helper cells, epidermal anti- 
gen- presenting cells, eosinophils, basophils, 
mast cells) 


Efficacy 


Highly effective against pruritus and 
inflammation 


Highly effective against pruritus and inflam- 
mation (equivalent or superior to commonly 
prescribed corticosteroids) 




Risk of tachyphylaxis 


N o evidence of tachyphylaxis 




Risk of disease rebound following dis- 
continuation 


No evidence of disease rebound following dis- 
continuation 


Safety 

and 

tolera- 


Well tolerated in short-term use 


Wei! tolerated in short-term and intermittent 
long-term use (mild but transient local bum- 
ing/tingling/erythema during early use) 


bility 


Atrophogenirity and telangiectasia 


Non-atrophogenk 




Other stem id -specific effects (pigmen- 
tation disorders) 


No steroid -like adverse effects 




Low risk of systemic effects in children 


No evidence of systemic effects in any age group 


Usage 


Dependent on the potency selected, suit- 
able for all d em ogra phi e/di nical groups 


Suitable for all demographic/clinical groups 




Applied twice daily following hydration 
with emollients 


Applied twice dally, emollients may be used If 
required 




Treatment continued for 1 week after 
symptomatic healing 


Treatment continued for 1 week after sympto- 
matic healing, long-term therapy [on average 
once or twice weekly) in patients with dry skin 
is recommendabte 




May not be used continuously for more 
than approximately 4 weeks 


May be used safely for intermittent long-term 
use 




Ideally should not be re-used on the 
same area of skin for several weeks 
after discontinuation 


May safely be re-used on the same area of 
skin shortly after discontinuation 
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lishing its effectiveness over corticosteroids. The mechanistic, clinical and practical 
differences between tacrolimus ointment and topical corticosteroids are summa- 
rised in Table 10.1. 



Efficacy of Tacrolim us Oi ntm ent Monotherapy 

The development of a topical form of tacrolimus was initiated following the failure 
of attempts to treat atopic dermatitis with a topical form of the immunosuppressant 
cyclosporin in the mid-1980s [36]. After highly promising results with a topical for- 
mulation [1, 27], tacrolimus ointment was developed. It has now been extensively 
investigated in a series of clinical trials in more than 13 000 adult and paediatric 
patients [29], as reviewed in this volume in the chapters on adult and paediatric ex- 
perience with tacrolimus ointment. 

The core studies that evaluated the efficacy of tacrolimus, and which have been 
completed to date, are listed in Table 10.2. These studies have demonstrated that 
tacrolimus ointment monotherapy is at least as effective as commonly used cortico- 
steroids in treating moderate to severe atopic dermatitis. In adult patients, the short- 
term efficacy of tacrolimus ointment is equivalent to that of 0.1% hydrocortisone 
butyrate ointment - a mid-potent to potent corticosteroid in Europe - both with re- 
gard to the rate and the degree of healing achieved following 3 weeks’ treatment [41]. 
In children, tacrolimus ointment is both more effective and rapid acting than the 
corticosteroid, 1% hydrocortisone acetate ointment, which is widely prescribed in 
paediatric patients with atopic dermatitis [42]. It should be noted, however, that 
these short-term studies comparing tacrolimus ointment with topical corticoster- 
oids were limited to 3 weeks’ duration to protect patients in the corticosteroid group 
from the potential for skin atrophy. Thus, while this treatment period provided a 
good indication of corticosteroid efficacy, since these agents must be discontinued 
after 3-4 weeks in standard clinical practice, it gave a less accurate estimation of the 
clinical effectiveness of topical tacrolimus because treatment can be continued inter- 
mittently for a longer duration if necessary. Vehicle-controlled and open-label stud- 
ies have shown that symptomatic improvements continue not just for weeks but 
for several months with tacrolimus ointment [11, 17, 30, 40], indicating that overall, its 
long-term efficacy is likely to be greater than can be achieved using topical cortico- 
steroids. This assumption is supported by recent results from a six-month study 
comparing intermittent tacrolimus ointment treatment and intermittent cortico- 
steroid therapy in which the superior long-term efficacy of tacrolimus ointment was 
demonstrated [43]. Furthermore, in contrast to corticosteroids, there is no evidence 
of either tachyphylaxis or disease rebound upon discontinuation of tacrolimus oint- 
ment [17,40]. 

The tacrolimus ointment clinical trials programme has built up a detailed pic- 
ture of the efficacy of this agent. Tacrolimus ointment is highly effective in the treat- 
ment of all aspects of moderate to severe atopic dermatitis, including severe disease 
exhibiting both acute and chronic features characterised by extensive lesions with 
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Table 10.2. Efficacy of tacrolimus ointment monotherapy: summary of key clinical trials 



Study Key findings 

Adult phase 111 studies 


Two vehicle- 
controlled 
studies [11] 


0.03% tacrolimus ointment and 0.1% ointment are both clinically effective in 
the treatment of moderate to severe atopic dermatitis 
Rapid onset of therapeutic action {<1 week) 

0.1% tacrolimus ointment is more effective and rapid acting than 0.03% 
tacrolimus ointment 

Equally effective on all skin areas Including face and neck 
Equally effective in all ages and ethnic groups 


Comparative 
study vs. cortico- 
steroids [41] 


0,1% tacrolimus ointment has equivalent efficacy to the commonly used steroid, 
0.1% hydrocortisone butyrate ointment, over a 3 -week period 
0.03% tacrolimus ointment has numerically slightly lower efficacy than hydro- 
cortisone butyrate, but clinical benefits were continuing to accumulate at the 
study endpoint (3 weeks) 


Long-term com- 
parative study 
vs, cortico- 
steroids [43] 


0.1% tacrolimus ointment was more effective than a treatment regimen of 0.1% 
hydrocortisone butyrate (for trunk and extremities) and 1 % hydrocortisone acetate 
ointment (for head and neck) over a six-month intermittent treatment period 
Significantly more patients in the steroid group were withdrawn because of a lack 
of efficacy | 


Long-term study 
[40] 


Efficacy of 0T% tacrolimus ointment is progressively maintained and sustained 
after 1 year 

Mo evidence of tachyphylaxis 
No evidence of disease rebound 


Paediatric phase III studies 


Vehicle- 
controlled 
study [30] 


0,03% tacrolimus ointment and Q.1% ointment are both clinically effective in the 
treatment of moderate to severe atopic dermatitis 
Rapid onset of therapeutic action (<1 week) 

0,1% tacrolimus ointment is more effective and rapid acting than the 0.03% 
formulation 

Equally effective on all skin areas including face and neck 
Equally effective in all ages and ethnic groups 


Comparative 
study vs. cortico- 
steroids [42] 


0T% tacrolimus ointment and 0.03% tacrolimus ointment both have greater effi- 
cacy and a more rapid onset of action than the frequently used corticosteroid, 

1% hydrocortisone acetate ointment, over a 3-week period 


Long-term study 
[12, 31] 


Efficacy of 0.1% tacrolimus ointment is progressively maintained and sustained 
for up to 4 years 
No evidence of tachyphylaxis 
No evidence of disease rebound 


Other key studies 

Quail ty-of-life 
study [6] 


Subana lysis from adult and paediatric vehicle-controlled studies 

Both strengths of tacrolimus ointment significantly improved quality of life 

according to all criteria 

Approximately 70%~8Q% of patients wished to continue treatment with 
tacrolimus ointment after the end of the study 
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Figure 10.3. a A 46-year-old patient with severe lichenified atopic dermatitis of the face treated pre- 
viously with corticosteroids and oral cyclosporin with insufficient control of the disease. The patient 
was treated for 1 year with corticosteroid ointments prior to switching to monotherapy with 0.1% 
tacrolimus ointment; b patient after 3 months of treatment 




Figure 10.4. a Pre-treatment baseline condition before tacrolimus ointment monotherapy in a 25-year- 
old patient who had special problems with atopic dermatitis around the eyes; b 0.1% tacrolimus oint- 
ment was effective after only 1 week of treatment 
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lichenification, oozing, crusting and excoriation (Fig. 10.3a, b) [11, 30]. Furthermore, 
this agent is equally effective when used to treat atopic dermatitis in all body regions 
including sensitive areas such as skin folds and the head and neck region (Fig. 
10.4a, b). 

The Issue of Safety 

While the long-term efficacy of tacrolimus ointment monotherapy is likely to be 
greater than that of topical corticosteroids, it is on the issue of tolerability - the 
Achilles’ heel of corticosteroids - that the different merits of the steroid-based and 
tacrolimus ointment paradigms will primarily be judged. In addition, it is important 
for dermatologists and treating physicians to be confident that tacrolimus ointment 
is well tolerated and not associated with new safety concerns, particularly with re- 
gard to corticosteroid-related adverse events. 

L ocaf Safety and Tolerability 

The most frequently reported adverse events with tacrolimus ointment occur locally 
at the site of application (Table 10.3). They include skin burning, erythema and pru- 
ritus, although these events are mild, transient in nature and occur chiefly during 
the first few days of treatment with tacrolimus ointment, ameliorating as the skin 
heals [30, 49]. These effects do not impact significantly on the well-being of patients, 
as demonstrated by the high treatment completion rates, typically well over 70%, ob- 
served in tacrolimus ointment trials. In fact, in the vehicle-controlled trials, more 
patients using vehicle discontinued treatment compared with the tacrolimus oint- 
ment groups [30, 49]. 

No steroid-like side effects or skin atrophy have been observed in any patient 
treated with tacrolimus ointment, other than in patients previously treated with 
topical corticosteroids. In these particular cases there is evidence that atrophy is 
reversed following conversion to tacrolimus ointment. Short- and long-term clinical 
studies have been conducted to compare the specific effects of corticosteroids and 
tacrolimus ointment on the biology of skin atrophy (data on file, Reitamo skin atro- 
phy data) [39]. The findings show that whereas procollagen production is suppressed 
and skin thickness is reduced by topical corticosteroids, tacrolimus ointment has the 
opposite effect; collagen synthesis and skin thickness increase. This study and data 
from other studies comprising the pivotal clinical trials programme have confirmed 
that tacrolimus ointment is not atrophogenic (see Table 10.3). 

Another key issue in relation to the safety of tacrolimus ointment is whether 
there is any increased risk of local infections or malignancy arising from the local 
modulation of the immune system that this agent induces. Data from both clinical 
trials and post-marketing surveillance indicate that there is no increased risk for 
either local infection or malignancy (see Table 10.3). Statistically, there has been no 
evidence of a significant increase in the incidence of infection with any infective 
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Table 10.3. Safety and tolerability of tacrolimus ointment monotherapy: summary of key clinical trials 



Study 

Adult phase III studies 


Key findings 


Vehicle-controlled 
studies [49] 


Tacrolimus ointment is well tolerated 

Principal side effects: mild, transient application- site skin burning, 

tingling, erythema 

No evidence of increased systemic effects/infections 
No trends towards abnormal laboratory values 


Comparative study vs. 
corticosteroids [41] 


Both tacrolimus ointment and corticosteroids are well tolerated over a 
3 -week treatment period 


Long-term studies 
[4, 19, 28, 40] 


Tacrolimus ointment is safe and well tolerated over periods up to 2 years 
Mild application -site effects improve with continued use 
No new side effects or trends in laboratory values emerge with long- 
term treatment 

No evidence of increased susceptibility to infections 
No evidence of increased risk of malignancy 
No evidence of skin atrophy 


Paediatric phase III studies 


Vehicle-controlled study 
[30] 


Tacrolimus ointment is well tolerated 

Principal side effects: mild, transient application-site skin burning, 

tingling, erythema 

No evidence of increased systemic effects/infections 
No trends towards abnormal laboratory values 


Comparative study vs, 
corticosteroids [42] 


Both tacrolimus ointment and corticosteroids are well tolerated over a 
3- week treatment period 


Long-term studies 
[12, 17, 31, 35] 


Tacrolimus ointment is safe and well tolerated over periods up to 4 years 
Mild application- site effects ameliorate with continued use 
No new side effects or trends in laboratory values emerge with long- 
term treatment 

No evidence of increased susceptibility to infections 
No evidence of increased risk of malignancy 
No evidence of skin atrophy 


Other key studies 


Short-term studies to 
assess skin atrophy [39] 


The topical corticosteroid, GJ% betamethasone valerate ointment, but 
not tacrolimus ointment reduced procoilagen production after 1-week 
treatment 


Long-term study to 
assess skin atrophy 
(data on file, Re Eta mo 
skin atrophy data) 


Preliminary results suggest that baseline corticosteroid -related skin 
atrophy was reversed by tacrolimus ointment 
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Figure 10.5. a Skin barrier function. D dendritic cell; F fibroblast; LC Langerhans cell; M macrophage; 
SEA Staphylococcus aureus enterotoxin A; SEB S. aureus enterotoxin B; T T cell, b Types of T-cell acti- 
vation in atopic dermatitis. IP3 inositol-1,4, 5-triphosphate; MHC II major histocompatibility complex 
class II; PKC protein kinase C; TCR T-cell receptor 
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There are data to support 
a reduction in the levels of 
5. aureus on the skin 
following treatment with 
tacrolimus ointment 



agent in patients treated with topical tacrolimus. It is known that atopic dermatitis 
skin shows colonisation with Staphylococcus aureus (S. aureus). Many strains of 
S. aureus secrete enterotoxins such as S. aureus enterotoxin A (SEA) and B (SEB) 
(Fig. 10.5a). The toxins penetrate lesional skin and can cause both IgE-mediated 
antigen- specific and non-specific (superantigen) activation of the T cells, thus caus- 
ing exacerbation of the atopic lesions. The signalling pathways for both types of 
activation are identical and can be blocked by tacrolimus ointment (Fig. 10.5b). 
There are data to support a reduction in the levels of S. aureus on the skin following 
treatment with tacrolimus ointment [44]. This may be important in the prevention 
of inflammatory disease flares because superantigens from S. aureus are thought to 
be a key trigger in the pathogenesis of atopic dermatitis [44]. 

Similarly, there has been no statistically significant increase in the incidence of 
any viral infection among tacrolimus-treated patients in clinical trials. As would be 
expected in a cohort of patients with atopic dermatitis, several local viral infections 
have been observed among tacrolimus-treated patients as well as controls. These in- 
fections included herpes simplex, herpes zoster and molluscum contagiosum [4, 17, 
19, 28, 30, 31, 40, 49]. There have also been some case reports of eczema herpeticum 
in patients administered topical tacrolimus [25]. Although there is no evidence of 
an increased risk for viral infection with tacrolimus ointment compared to vehicle 
or other treatments for atopic dermatitis, vigilance should be maintained by pre- 
scribing physicians and patients. Any clinical infection at the treatment site should 
be cleared before using tacrolimus ointment, and treatment should be discontinued 
temporarily if an infection develops during administration of tacrolimus. 

More recently, it has been possible to investigate the risk of malignancy in a large 
group of more than 9500 patients aged 26-76 years who received intermittent long- 
term tacrolimus ointment for the treatment of moderate to severe atopic dermatitis 
[28]. Interim findings show that over 50% of the patients in this study were followed 
up for more than 2 years. The incidence of non-melanoma skin cancers detected in 
patients using tacrolimus ointment does not differ from that observed in the general 
population across this age range. 

Current evidence demonstrates that tacrolimus ointment is safe and well tol- 
erated locally, with no steroid-like adverse effects (see Table 10.3). Furthermore, 
tacrolimus ointment can be used as intermittent long-term monotherapy without 
risk of problematic side effects. 



Systemic Exposure 

Just as topical corticosteroids may exert systemic effects, theoretical concerns that 
tacrolimus might be absorbed into the systemic circulation were raised during the 
early development of tacrolimus ointment. However, these fears have proved un- 
founded. As shown by the pharmacokinetic studies reviewed in this volume by 
N. Undre (Chap. 6), systemic exposure to topical tacrolimus through the skin 
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of patients with atopic dermatitis is minimal [51]. In a few patients, measurable 
tacrolimus levels were observed, but these were transient and occurred at only one 
time point throughout the treatment period, before becoming negligible as the skin 
healed. These findings suggest that there are no significant systemic effects asso- 
ciated with topical tacrolimus, a prediction that has been confirmed in clinical 
studies of up to 3 years’ duration and involving over 13 000 patients [4, 19, 29, 31, 
35]. No increase in the incidence of any systemic adverse effects, infections or malig- 
nancy has been observed in patients treated with tacrolimus ointment in this large 
pool of subjects. Moreover, no trends for abnormal laboratory values have been 
recorded with tacrolimus ointment. Importantly, there has been no evidence of even 
transient effects of topically administered tacrolimus on the sensitive renal function 
parameters. 



Using Tacrolimus Ointment in Everyday Practice 

Administering tacrolimus ointment is straightforward and presents no difficulties to 
patients or their parents, or to prescribing physicians [37]. Like most ointments and 
creams for atopic dermatitis, including corticosteroids, tacrolimus should be applied 
to all affected areas as a thin layer after gentle washing. Emollients can be used if 
needed; however, as tacrolimus is an ointment, it is unlikely that additional hydra- 
tion will be required. Tacrolimus is indicated for use in patients (2 years old and 
above) who have failed to respond adequately to conventional therapies. In these 
cases, patients may be switched directly to tacrolimus ointment. In the clinical trials 
programme, topical tacrolimus was administered as a monotherapy and as such the 
concomitant use of topical corticosteroids or other therapeutic interventions is not 
necessary to achieve its full clinical efficacy. 



Selection of Ointment Strength and Dosing 

Clinical trials indicate that both strengths of tacrolimus ointment (0.03% and 0.1%) 
are effective in the treatment of moderate to severe atopic dermatitis and that the 
two strengths are equally well tolerated. However, the efficacy and speed of action 
of the 0.1% ointment formulation are numerically greater than those of the 0.03% 
strength [30,41,42]. 

In adults (patients over 16 years old), 0.1% tacrolimus ointment should be used 
as the strength of choice. Treatment should be initiated with 0.1% tacrolimus oint- 
ment twice daily for up to 3 weeks. After this time, and for maintenance dosing, the 
ointment strength should be decreased to 0.03% tacrolimus ointment twice a day 
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Figure 10.6. A 15-year-old girl with severe atopic dermatitis treated intermittently for 6 months with 
0.03% tacrolimus ointment, a At baseline, and b 6 months after monotherapy with 0.03% tacrolimus 
ointment 



until clearance of lesions. Although not a consequence of the tacrolimus clinical trial 
results, efforts should also be made to reduce the frequency of application when the 
clinical condition permits. 

Although clinical trial data have demonstrated that both 0.03% and 0.1% tacro- 
limus ointments are effective, safe and well tolerated in paediatric patients, only the 
0.03% strength is indicated for use in children aged 2-15 years (Fig. io.6a,b). Ad- 
ministration of 0.03% tacrolimus ointment to children should initially be twice daily 
for 3 weeks. Afterwards, the frequency of administration should be reduced to once 
daily. Treatment should be administered until total clearance of lesions and prefer- 
ably for 1 week after cessation of itch. While the 3-week treatment period is included 
as a recommendation, this time frame is not a consequence of data from the clinical 
trials, as no safety concerns arose from the vehicle-controlled trials, which were con- 
ducted over 12 weeks, or the long-term studies. 



Frequency of Administration 

As discussed above, tacrolimus ointment should be applied twice daily initially, irre- 
spective of which ointment strength is being used. Treatment maybe applied over as 
wide a body surface area as is necessary to treat all lesions, including the sensitive 
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regions of the face, neck and skin flexures. As is the case with corticosteroids, a thin 
layer of tacrolimus ointment should be administered following cleansing. Switching 
from a corticosteroid-based regimen to tacrolimus will therefore be straightforward 
for patients since the same treatment routine is employed. However, the initiation of 
treatment with tacrolimus ointment will typically be earlier than has previously 
been the case with steroids, and the duration of treatment longer - an advance made 
possible by the superior tolerability of topical tacrolimus. Tacrolimus ointment 
should be applied at the first sign of an inflammatory exacerbation characteristic of 
atopic dermatitis. Not only the visible signs of inflammation, but also the occurrence 
of pruritus should trigger the use of tacrolimus ointment. 

Tacrolimus ointment should be continued for at least 1 week after symptomatic 
healing of lesions and preferably until complete cessation of itch and the disappear- 
ance of skin dryness. In patients with persistent xerosis, long-term therapy (on 
average once or twice weekly) is recommendable. Finally, as discussed above, treat- 
ment may be administered repeatedly to the same area for extended periods with 
no risk of corticosteroid-like side effects or tachyphylaxis. 



Cautions and Contraindications 

With all immunomodulatory treatments for atopic dermatitis, patients should avoid 
excessive exposure of treated areas to ultraviolet (UV) radiation. Although tacroli- 
mus is not a photosensitiser and not carcinogenic, standard precautionary measures 
should be taken. Exposure of tacrolimus-treated skin to sunlight should be mini- 
mised, and UV-based therapies, as well as UV from solariums, should be avoided. 
Patients should be advised on standard methods for reducing sun exposure, such as 
the use of appropriate clothing. 

Tacrolimus ointment is not recommended for use in pregnant women, nursing 
mothers or patients who are allergic to any of its ingredients. In addition, tacrolimus 
is not recommended for use in children under 2 years of age (to date, clinical trials 
have only been performed in subjects over 2 years old), in patients with Netherton’s 
syndrome, on infected lesions or in combination with occlusive dressings. 



Towards a New Treatment Paradigm for Atopic Dermatitis 

The adoption of tacrolimus ointment monotherapy will cause a significant shift in 
the way in which atopic dermatitis is managed. As discussed above, the key property 
of tacrolimus ointment that will catalyse this shift is its excellent long-term safety 
profile. Tacrolimus ointment is safe and well tolerated. It is at least as effective as 
commonly used corticosteroids, and can be used on sensitive areas of skin without 
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Figure 10.7. Atopic dermatitis management paradigms 



risk of skin atrophy or other steroid-related adverse events. To date, no new signifi- 
cant side effects have been reported even when this agent has been used for months 
or years. 

Since safe, prolonged treatment of the inflammatory processes underlying atopic 
dermatitis is possible with tacrolimus ointment, patients and/or their caregivers will 
be able to move towards a new, more proactive paradigm, as opposed to the older 
reactive approach to therapeutic intervention. This is illustrated schematically in 
Fig. 10.7, in which the height of the pyramid represents increasing disease sever- 
ity (assuming inadequate treatment) and the width of the pyramid represents the 
number of patients affected. With the new, more proactive tacrolimus ointment-led 
approach, the threshold for initiation of active treatment is shifted downwards, 
expanding the patient base for active treatment. As a consequence, the threshold for 
turning to other therapies is pushed upwards, since more patients will be success- 
fully treated with tacrolimus monotherapy. In the corticosteroid-based paradigm, 
treatment is in practice often delayed until intense pruritus is experienced or lesions 
develop; however, treatment with tacrolimus ointment can be initiated at the first 
signs of pruritus. Patients and caregivers no longer need to worry about delaying 
treatment until it becomes absolutely necessary, but may intervene at an early stage, 
secure in the knowledge that to do so will not cause skin atrophy or other adverse 
events. The implications of this change for atopic dermatitis management are sum- 
marised in Table 10.4. 
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Table 10.4. Changes in the therapeutic role of atopic dermatitis interventions following the introduc- 
tion of tacrolimus ointment monotherapy 



Class of agen t 

Emollients 


Role in traditional model 

Skin hydration; treatment 
and prevention of xerosis 


Role following introduction of 
tacrolimus ointment monotherapy 

Skin hydration if necessary. Emollient 
use is permitted if required 


Topical corticosteroids 


Mainstay treatment for AD 
lesions 


Treatment of severe flares refractory to 
tacrolimus ointment or for patients in 
whom tacrolimus ointment is unsuitable 


Antihistamines 


Used for their sedative 
properties in patients who 
experience disturbed sleep 
due to excessive pruritus 


Some Individual patients who respond 
well may wish to continue use of anti- 
histamines. This therapy represents 
current standard care and although not 
assessed in tacrolimus clinical trials, to 
date no unexpected side effects have 
been reported 


Ultraviolet phototherapy 


Adjunct to corticosteroid- 
based therapy/second -fine 
therapy 


Adjunctive therapy in a small number 
of patients unsuitable/refractory to 
tacrolimus ointment treatment 


Systemic therapies (systemic 
co rtf coste raids, cycle spo ri n, 
azathloprine etc,) 

Alternative health products 
(Chinese herbal medicine, 
evening primrose oil, fish oil) 


Adjunct to corticosteroid- 
based t h era py/se con d- line 
therapy in severe 
treatment- resistant cases 

Patient- led self-treatment 
following dissatisfaction 
with/failure of conven- 
tional treatment 


Adjunctive therapy in a small number 
of patients unsuitable/refractory to 
tacrolimus ointment treatment 

Possibly fewer patients are likely to per- 
ceive a need for alternative approaches 



Modifications to the Traditional Model 

As illustrated in Fig. 10.7 and summarised in Table 10.4, the emergence of a new 
treatment model for atopic dermatitis following the introduction of tacrolimus oint- 
ment retains a two-phase structure, in which preventive measures to exclude aller- 
gens and maintain skin hydration remain central to disease management. However, 
although remaining highly important, failure to prevent disease flares through such 
preventive approaches will be less likely to have adverse consequences than at pre- 
sent because tacrolimus ointment can be used at the first indication of an atopic flare 
(Fig. 10.8). Consequently, treatment with tacrolimus ointment allows for a proactive 



203 






10 The Role of Tacrolimus Ointment in Atopk Dermatitis 



Start Tacrolimus Ointment Therapy (bid) 




Stop’ 



Emollient 



T T 

Time 



Start Steroid Therapy 




Time 



Figure 10.8. a Flare prevention with tacrolimus ointment, Continue with maintenance therapy (1-2 
times/week) in patients with xerosis, bid twice daily; b treatment of flares with topical corticosteroids 
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Figure 10.9. a,b Course of flare severity and frequency under treatment a with tacrolimus ointment, 
b with topical corticosteroids 



treatment strategy. In contrast to steroids, tacrolimus ointment can be used at an 
early stage of disease, when first clinical symptoms such as pruritus and inflamma- 
tion appear. Based on personal experience in clinical practice I would conclude that 
therapy with tacrolimus ointment reduces the severity and frequency of flares com- 
pared with conventional treatment (Fig. 10.9). This is likely to reduce the burden of 
preventive management for patients and their families, making the lifestyle adjust- 
ments less time-consuming and stressful, although appropriate avoidance measures 
are still encouraged. 

With regard to the treatment phase of atopic dermatitis management, cortico- 
steroids have been used as the mainstay of treatment for many years. In this new 
approach, the threshold at which active treatment can be initiated is lowered, and the 
duration of treatment is extended. One beneficial consequence of a lower threshold 
for treatment initiation coupled with a more proactive management philosophy will 
be the potential elimination of the w grey zone” surrounding when therapeutic inter- 
vention should begin. Traditionally, patients have been hesitant over when to initiate 
active treatment with corticosteroids and where, as well as for how long, they can 
safely be used. 
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Other Therapies and the Future Role of Topical Corticosteroids 



Tacrolimus is the first 
therapy that has the 
potential to replace 
corticosteroids in the 
treatment of atopic 
dermatitis 



A beneficial consequence of the introduction of topical tacrolimus as an intermit- 
tent long-term monotherapy will be the reduced reliance on additional second-line 
therapies. This assumption is likely to simplify the management of atopic dermati- 
tis and to reduce the direct and indirect costs associated with second-line treatments 
in dermatology units. 

It should be noted that alongside established second-line therapies such as UV 
phototherapy and systemic agents, the use of tacrolimus ointment should result 
in a restricted use of corticosteroids. This is appropriate given the adverse event pro- 
file of corticosteroids. In centres where tacrolimus ointment monotherapy becomes 
established as the treatment of choice, the role of topical corticosteroids is likely to 
be limited to unusual cases in which for individual reasons tacrolimus ointment is 
considered unsuitable, or as a short-term alternative in rare, severe cases where a 
patient does not respond to tacrolimus ointment therapy. Tacrolimus is the first 
therapy that has the potential to replace corticosteroids in the treatment of atopic 
dermatitis. 



Adjunctive Therapies 

In addition to a reduction in the number of second-line therapies, the role of adjunc- 
tive therapies is also likely to decline following the adoption of tacrolimus ointment. 
Agents such as sedative antihistamines are likely to be considered unnecessary by 
most patients who currently use them, as tacrolimus provides effective treatment 
of pruritus, the symptom that may have previously kept patients awake at night. 
Topical antibiotics will retain their current role within the new management model, 
although as discussed previously, treatment with tacrolimus ointment results in a 
reduction in the incidence of bacterial infection [44]. If skin is infected, however, 
topical or systemic antibiotics (or antivirals for the treatment of viral infections) 
should be used to clear the infection before beginning treatment with tacrolimus 
ointment. 



Management of Mild Atopic Dermatitis 

Currently, tacrolimus ointment is only indicated for the treatment of moderate to 
severe atopic dermatitis. This raises the issue of how mild atopic dermatitis fits in- 
to the emerging treatment paradigm. In clinical practice, mild atopic dermatitis is 
generally easier to treat than moderate to severe disease. 

A subanalysis from two adult studies and one paediatric vehicle-controlled study 
involving 141 patients with limited disease found that patients at this more moder- 
ate end of the clinical spectrum responded to tacrolimus as well as patients with 
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Figure 10.10. A 24-year-old patient with mild atopic dermatitis in the face and neck treated with 0.1% 
tacrolimus ointment, a The mild dermatitis responded to daily treatment for approximately 1 week, 
b thereafter treatment was given only once or twice weekly for 3 months. This patient was treated out- 
side clinical trials 



more severe disease did [23]. This confirms that tacrolimus ointment is not only 
effective in patients with severe disease but can also be used with equal impact to 
treat those with moderate and limited atopic dermatitis. Furthermore, unpublished 
data suggest that using tacrolimus to treat mild disease is highly effective (Fig. 10.10). 

The question of “mild” disease in the context of atopic dermatitis is problematic. 
This is because when a flare first appears it is not possible to predict how severe it 
will become if left untreated. For example, apparently “mild” disease may be the 
early stage of a more severe disease flare. In this sense, it is questionable whether any 
atopic dermatitis case with symptoms of inflammation or pruritus should be dis- 
missed as merely mild. Tacrolimus ointment should be used whenever any indica- 
tion of an inflammatory exacerbation develops. The occurrence of pruritus, whether 
mild or intense, or any visible sign of inflammation, should therefore be treated 
promptly with tacrolimus ointment because these symptoms have the potential to 
manifest as moderate or severe disease if left untreated. The licence for tacrolimus 
ointment specifies that each affected region of the skin should be treated until clear- 
ance, at which time treatment should be discontinued. As symptoms are treated until 
eradication, atopic dermatitis progresses through to mild disease before patients 
become symptom-free. 
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Different Patient Groups 

Tacrolimus ointment monotherapy is effective in every demographic and clinically 
defined subgroup in which it has been used, including males and females, toddlers, 
children and adults [11, 30]. Among children, only the lower strength of tacrolimus 
ointment (0.03%) is indicated for use in patients 2 years of age and above. Although 
specific studies have not been performed in elderly patients, individuals from this 
population were included in the clinical trials. The study findings did not reveal the 
need for dosage adjustment in the elderly. Furthermore, the treatment is effective in 
patients of different ethnicities, as demonstrated in a series of large vehicle-con- 
trolled trials in the U.S. in which tacrolimus ointment was effective in a diverse pa- 
tient population [11, 30]. 



Summary 

For several decades the management of atopic dermatitis has been relatively limited. 
While considerable effort has been devoted to improve environmental measures and 
more efficient methods have been developed for steroid usage, the basic structure of 
management has remained unchanged and significant advances in therapy have 
been lacking. Recently, however, the entire field of atopic dermatitis has been 
energised, both in terms of the fundamental science, where our knowledge of the im- 
munology of atopic dermatitis has progressed rapidly, and clinically through the de- 
velopment of specific TIMs. Tacrolimus ointment is the first and leading example of 
this new class of agent. 

As tacrolimus ointment is not associated with significant serious side effects, 
nor does it lead to the development of tachyphylaxis or rebound phenomena, it can 
be used safely for extended periods of time. This permits the emergence of a more 
proactive, as opposed to reactive, approach to the management of atopic dermatitis, 
in which the transition from the preventive to the treatment phase of management 
is smoother and occurs at an earlier stage in the disease process. Tacrolimus oint- 
ment monotherapy is therefore set to assume a major role in the management of 
atopic dermatitis. 

The introduction of tacrolimus ointment is not only likely to greatly improve the 
symptomatology of atopic dermatitis in many patients, but also to improve their 
quality of life. Tacrolimus has the potential to alter the disease course, and by provid- 
ing a treatment that can be used safely and effectively, it may improve patients' sense 
of empowerment and control over a disease that has up until now been a challenge 
to treat effectively. While maintaining an allergen-free environment will remain im- 
portant, patients and their families can be confident that if an inflammatory episode 
does occur, it can be treated promptly and completely using tacrolimus ointment, 
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without the fear of corticosteroid-related side effects. The steroid phobia and poten- 
tial gaps in patient education that may have contributed to poor symptomatic con- 
trol in some patients in the past will most likely become irrelevant. Patients who 
developed specific side effects through the over-use of corticosteroids will also ben- 
efit from this new, non-atrophogenic therapeutic approach. 

A major consequence of the adoption of tacrolimus ointment will be that corti- 
costeroid use is likely to be reduced. Steroid-sparing agents and sedative antihista- 
mines may also be relied upon less frequently than at present. Overall, the threshold 
for moving from the preventive to the treatment phase of disease management will 
be lowered in the new approach, and the proportion of patients whose disease is 
managed successfully will continue to rise. 

Although the switch from steroid-based to tacrolimus ointment-based manage- 
ment is simple and straightforward, the wider implications for clinical practice in 
atopic dermatitis are profound. For example, the requirement for multiple agents 
to treat atopic dermatitis adequately as used in the old paradigm will probably be- 
come obsolete. The new, reformulated paradigm of care for atopic dermatitis prom- 
ises to transform patients’ lives and fundamentally change the management and 
perceptions of the disease. The introduction of tacrolimus ointment thus constitutes 
a welcome and timely advance in dermatology, and is a dramatic demonstration of 
how insights into molecular biology and evidenced-based medicine can be har- 
nessed to redefine standards of clinical care. 
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Other Potential Dermatological Indications 
for Tacrolimus 

T.AssmannJ.Ruzicka 



During the last few decades, the treatment of inflammatory skin disorders consisted 
mainly of systemic and topical glucocorticosteroids, but their use is limited due to 
potential side effects. Immunomodulatory macrolides such as cyclosporin and tacro- 
limus have recently shown therapeutic efficacy in such disorders. However, side ef- 
fects such as hypertension and nephrotoxicity may occur after oral administration. 
Thus, a topical formulation was needed for the treatment of inflammatory skin dis- 
orders. 

On a molecular level, tacrolimus has effects similar to those of cyclosporin, as it 
inhibits the activation and proliferation of T lymphocytes and other inflammatory 
cells, but its penetration into skin is much better due to its smaller molecular weight 
[34, 47]. In vivo studies have shown down-regulation of Thi and Th2 cell-type cyto- 
kines, and expression of co- stimulatory molecules on epidermal and lymph node 
cells by topical tacrolimus in a murine contact hypersensitivity model [25]. Conse- 
quently, topical tacrolimus was assumed to be a potential candidate for the treatment 
of skin disorders which are mediated by T cells. The prototype dermatosis for treat- 
ment with topical tacrolimus is atopic dermatitis. Several multicentre studies have 
proven the efficacy and safety of tacrolimus ointment in the treatment of atopic der- 
matitis in short-term [64] and long-term treatment [61]. Tacrolimus ointment (Pro- 
topic®) is well tolerated and improves moderate to severe atopic dermatitis both in 
adult and paediatric patients. Skin burning and pruritus are the most common side 
effects which occur at the site of application and are of short duration. Tacrolimus 
ointment is currently approved for the treatment of atopic dermatitis in adults 
(0.1% and 0.03%) and children (0.03%) in the U.S. and Canada, and for adults only 
in Japan (0.1% and 0.03%). The drug has been marketed in Europe since the begin- 
ning of 2002. 

Although topical tacrolimus (Protopic®) has been approved only for the treat- 
ment of moderate to severe atopic dermatitis to date, the drug shows therapeutic ef- 
ficacy in a variety of other inflammatory skin disorders (e.g. psoriasis, lichen planus, 
etc.). 



Tacrolimus ointment is well 
tolerated and improves 
moderate to severe atopic 
dermatitis both in adult 
and paediatric patients 
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Clinically, psoriasis displays 
various characteristics 



11 Other Potential Dermatological Indications for Tacrolimus 



Psoriasis 

Psoriasis is a chronic relapsing inflammatory skin disorder of unknown aetiology 
which can affect the skin, scalp, nails, and joints. The disease is very common, with 
a prevalence of approximately i.5%-2% among the Caucasian population. Onset may 
occur at any time of life, with two statistical peaks in the third and the sixth decade 
of life. The earlier the onset of psoriasis, the higher the probability of a positive fam- 
ily history. Genetic predisposition for psoriasis can be concluded from studies which 
show high rates of concordance in monozygotic twins and disequilibrium of certain 
major histocompatibility (MHC) class I antigens with disease expression. The most 
frequent MHC class I antigens that are associated with psoriasis are human leuco- 
cyte antigen (HLA)-Bi3, -Bi 7, -BW57, and -Cw6 [63]. 

Clinically, psoriasis displays various characteristics. The classic lesion is a well- 
demarcated, non-itching, erythematous and squamous plaque typically localised 
on the elbows, knees, lower back, scalp, and in the auricular region. Acute psoriatic 
eruption (psoriasis guttata), which is often associated with focal infections (e.g. 
streptococcal pharyngitis), is characterised by disseminated small nummular lesions 
on the trunk and proximal extremities. Chronic disease features more hyperkeratotic 
and larger lesions with tendency to confluence. Psoriatic erythroderma is the 
generalised form of the disease which affects the entire integument. Another distinc- 
tive variant of psoriasis, psoriasis pustulosa, shows pustules in a localised or 
generalised distribution. Nail involvement is seen in 35%-50% of all patients and dis- 
plays different clinical pictures, from minor defects with nail pits to severe alter- 
ations with onychodystrophy and loss of the nail plate. Psoriatic arthropathy occurs 
in 5%-8% of all patients and shows several patterns of joint involvement. It is often 
associated with HLA-B27 and its course is chronic. 

The typical histological picture of psoriasis is characterised by acanthosis, para- 
keratosis, and oedema with an infiltrate of mononuclear cells in the papillary dermis, 
which tend to invade the spongiotic epidermis and are followed by neutrophils, 
which form the so-called Munro’s microabscesses. In psoriatic skin, the mono- 
nuclear infiltrate is composed of CD4 + and CD8 + T lymphocytes. CD8 + lymphocytes 
reside predominantly within the epidermis, whereas CD4 + T cells are most abundant 
within the dermis. The majority of T cells in lesional psoriatic skin express the skin 
homing receptor, cutaneous lymphocyte-associated antigen (CLA). The earliest 
event in psoriasis is the infiltration of Thi cells which express the interleukin (IL)-2 
receptor and produce IL-2, interferon (IFN)-y, and tumour necrosis factor (TNF)-a, 
and stimulate keratinocytes to express inflammatory cell-surface molecules. Con- 
sequently the stimulated epidermis produces large amounts of neutrophil-attracting 
chemokines. The chemokines IL-8 and growth regulated alpha protein (GRO-a) and 
their specific receptor CXCR-2 have recently been shown to be over-expressed in 
psoriatic scales and are thus assumed to contribute to epidermal hyperproliferation 
and leucocyte infiltration [33, 66]. 
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Psoriasis 



Since there is no specific causative agent known in psoriasis, there is a wide spec- 
trum of therapeutic regimens and many more newly developed strategies on the 
horizon. The treatment of psoriasis usually depends on the stage of the disease. The 
various therapies have different modes of action, but all of them contribute to the 
clearance of psoriatic skin lesions. The combination of several compounds has often 
demonstrated better resolution and shorter periods of treatment in contrast to 
monotherapy. There are three categories of antipsoriatic therapy: topical drugs, UV 
light, and systemic drugs. 

Apart from non-specific treatment with keratolytic agents and bland emollients, 
there are several topical drugs used in the treatment of psoriasis. Dithranol possesses 
antiproliferative activity on human keratinocytes and anti-inflammatory effects on 
the inflammatory infiltrate. However, there is a strong irritative potency probably 
due to induction of nuclear factor kappa B (NF-kB) in keratinocytes [29]. 

Vitamin D ? analogues (calcipotriol and tacalcitol) act via inhibition of keratino- 
cyte proliferation and induction of terminal differentiation. The anti-inflammatory 
effects are based on inhibition of NF-kB in lymphocytes resulting in a decrease 
of IL-2 transcription. Furthermore, down-regulation of IL-8 and induction of the 
receptor for the anti-inflammatory cytokine IL-10 have been reported, which maybe 
involved in the antipsoriatic action of vitamin D derivatives [28, 48]. 

Tazarotene, a novel topical retinoid, reduces scaling and plaque thickness of pso- 
riatic lesions. It has been shown to down-regulate hyperproliferative keratinocyte 
differentiation markers [51]. 

Topical corticosteroids interfere with multiple pathways of the inflammatory pro- 
cess in psoriasis, including down-regulation of proinflammatory cytokines, cutane- 
ous depletion of immunocompetent cells, and inhibition of synthesis of eicosanoids. 

The use of psoralens plus UVA (PUVA), photo chemotherapy, for the treatment 
of psoriasis was introduced in 1974, and its effectiveness has been confirmed by sev- 
eral multicentre studies. Psoralens, such as 8-methoxypsoralen (8-MOP), intercalate 
into DNA. In combination with UVA, the nucleic acids between opposing strands 
of duplex regions of DNA are covalently cross-linked. These photoadducts lead to 
inhibition of DNA synthesis and mitosis, which is crucial in the hyperproliferative 
epidermis. Furthermore, there is a depletion of T cells and Langerhans cells. To re- 
duce the side effects (gastrointestinal, ocular) or to bypass the contraindications of 
systemic PUVA therapy, bath PUVA (phototherapy after a bath containing a psora- 
len) can alternatively be performed. 

Treatment with narrow-band UVB (311 nm) is effective either as monotherapy 
or in combination with topical drugs (Vitamin D ? analogues and corticosteroids). The 
mechanisms of action are depletion of Langerhans cells and intraepidermal 
T cells, decreased leucocyte adhesion to the microvasculature, and induction of the 
anti-inflammatory IL-10 [35]. 

Systemic treatment of psoriasis is indicated in cases of severe disorder with 
widespread lesions or frequent recurrence. The majority of systemic antipsoriatic 
drugs are immunosuppressants, and are thus not recommended to be combined 
with phototherapy or photochemotherapy so as not to induce skin cancer. 



There are three categories 
of anti psoriatic therapy: 
topical drugs, UV light, and 
systemic drugs 
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It was of profound interest 
to investigate whether 
tacrolimus could serve as 
a topical medication in 
psoriasis 



Methotrexate (MTX), which is also effective in severe psoriatic arthritis, inhibits 
DNA synthesis by competing as substrate for dihydrofolate reductase and thus exerts 
antiproliferative effects on keratinocytes and inflammatory cells. Haematological, re- 
nal, and hepatic functions need to be carefully observed during treatment with MTX. 

Cyclosporin is a macrolide which acts via the inhibition of the nuclear factor of 
activated T cells (NF-AT), whereby it inhibits the gene transcription of IL-2 and other 
proinflammatory cytokines. The drug is highly effective in all types of severe psoria- 
sis. Nephrotoxicity and hypertension are side effects of cyclosporin treatment, but 
are unlikely to occur when a low-dose treatment (<5 mg/kg daily) is used. 

Fumaric acid esters show some efficacy in patients with severe psoriasis. The 
proliferation of keratinocytes is assumed to be reduced by inhibition of intracellu- 
lar adhesion molecule 1 (ICAM-i). Furthermore, the infiltrate of activated Th cells 
is decreased by fumaric acid derivatives. Leucocytopenia with lymphopenia is the 
most common side effect observed. 

Systemic retinoids regulate growth and differentiation of keratinocytes, and thus 
they normalise epidermal hyperproliferation in psoriasis. After their binding to spe- 
cific retinoid receptors, gene transcription is regulated. Another mechanism of ac- 
tion is the inhibition of neutrophil function, which maybe the reason why etretinate 
and acitretin are very effective in the treatment of pustular psoriasis. An important 
concern with their use is the teratogenic potential in women of childbearing age. 
Other side effects include increase in serum lipids and dryness of skin and mucous 
membranes [36]. 

Several experimental approaches of alternative antipsoriatic treatments were 
recently undertaken, such as anti-CD4 antibody, IL-2 diphtheria fusion toxin (DAB 389 
IL-2) or anti-CD25 antibody, and others [21, 32, 57]. 

In the 1990s, oral tacrolimus was shown to have therapeutic efficacy in the treat- 
ment of psoriasis [26, 71]. However, in contrast to oral cyclosporin, oral tacrolimus 
is not yet an approved form of therapy for the treatment of psoriasis. The mecha- 
nisms of action of tacrolimus and cyclosporin have been shown to be similar, since 
both interfere with activated T-cell IL-2 mRNA production and subsequent protein 
production of this autologous T-cell growth factor, and several other proinflamma- 
tory mediators. However, in contrast to tacrolimus, cyclosporin failed to display topi- 
cal activity. Since both drugs involve similar systemic side effects, for example 
nephrotoxicity, it was of profound interest to investigate whether tacrolimus could 
serve as a topical medication in psoriasis. 

In a pilot study, 0.3% tacrolimus ointment was tested under non-occlusive con- 
ditions once daily for the treatment of psoriatic plaques of 40-200 cm 2 over a period 
of 6 weeks. The efficacy was estimated according to the Psorasis Activity and Sever- 
ity Index (PASI), but there was no statistically significant difference between 0.3% 
tacrolimus ointment and placebo treatment [82]. Since lesional skin in psoriasis is 
scaly and thick, it was concluded that tacrolimus ointment applied on a regular ba- 
sis and under non-occlusive conditions was not able to penetrate skin to an extent 
great enough to be effective. 






Acrodermatitis Continua 



Thus, topical tacrolimus was tested in a microplaque assay after descaling and 
under occlusive conditions over 14 days. The compound was tested with and with- 
out a penetration enhancer, and compared with 0.1% betamethasone i7<x-valerate 
and 0.005% calcipotriol ointment. Erythema, infiltration, superficial blood flow, and 
epidermal thickness were the relevant end points which were assessed by grading 
scales, laser Doppler flowmetre, and histological measurements. Tacrolimus oint- 
ment yielded significant improvement in all end points compared to the vehicle, 
and similar results compared to the other two drugs. The presence of a penetration 
enhancer did not affect the results. As the drug was able to improve skin lesions af- 
ter descaling and under occlusion, optimisation of the application is a key factor for 
topical tacrolimus in the treatment of psoriasis [62]. 

Since tacrolimus penetrates thinner skin well, it was of interest to see whether 
tacrolimus ointment is effective in the treatment of facial lesions which are usually 
much thinner than psoriatic lesions on the trunk and extremities. An initial trial 
showed that topical tacrolimus was effective for facial lesions of psoriasis [80]. 
Future studies with optimisation of the formulation and the mode of application 
are warranted to establish topical tacrolimus in the treatment of psoriasis. 



Acrodermatitis Continua 

Acrodermatitis continua (synonym: acrodermatitis continua suppurativa Hallo- 
peau) is a very rare disease of the fingers and toes with sterile pustular eruptions. 
The disease was first reported by Hallopeau in 1890 [24], and has since been classi- 
fied as a subset of palmoplantar psoriasis pustulosa. 

Clinically, the disease begins with small pustules and erythematous areas on the 
finger tips, which tend to enlarge and affect the nail plate. The course of the disease 
may be relentless and lead to complete nail destruction and acro-osteolysis of the 
distal phalanx with resulting mutilation of fingers. The distal localisation and the 
tendency of the pustules to become confluent, as well as the destructive course, dis- 
tinguish acrodermatitis continua from pustulosis palmoplantar is [6]. 

Histologically, there is a subcorneal cavity filled with neutrophils and a moder- 
ate lymphohistiocytic infiltrate in the upper dermis with focal oedema. 

Candida or bacterial infection should be ruled out before treatment. Systemic 
treatment is effective with aromatic retinoids (etretinate, acitretin) and glucocortico- 
steroids, but immunosuppressants, such as MTX and cyclosporin, must be used in 
severe and relapsing cases. Positive results have also been reported for dapsone. 
PUVA-bath photochemotherapy presents an efficient therapeutic alternative in the 
treatment of acrodermatitis continua [7]. 
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Topical tacrolimus was 
effective for facial lesions 
of psoriasis 
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Topical treatment is difficult and restricted to early stages of the disease. High- 
potency glucocorticosteroids under occlusion are helpful in avoiding further pustu- 
lation. 




Figure 11.1 a-c. Acrodermati- 
tis continua a before, b after 
3 months’ and c 5 months’ treat- 
ment with 0.1% tacrolimus 
ointment 
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Lichen Planus 



In addition, there are several publications of case reports showing effectiveness 
of other topical agents in this rare disease. 

Topically administered fluorouracil has also been demonstrated to be effective 
in treating acrodermatitis continua [73]. Treatment with calcipotriol ointment has 
led to inconsistent results, and thus its efficacy has yet to be proven in the treatment 
of acrodermatitis continua [13, 31, 49] . Despite intensive therapy, many cases progress 
to mutilation, and the disease may lead to severe disability. 

We have observed the therapeutic efficacy of 0.1% tacrolimus ointment in reduc- 
ing pain and pustules in a 75-year-old female patient who had been suffering from 
recalcitrant painful acrodermatitis continua of her left thumb with onychodystro- 
phy for 1 year (Fig. 11.1). Bone involvement had been excluded by X-ray and bone 
scan. After mycotic infection had been ruled out, the nail plate was removed and 
0.1% tacrolimus ointment was applied under occlusive foil overnight. After 3 months 
of treatment, there was a striking reduction in pain, erythema, and pustulation. 
After 5 months, the nail growth was restored. Thus, in addition to high-potency 
glucocorticosteroids, topical tacrolimus appears promising in cases of limited acro- 
dermatitis continua. 



Lichen Planus 

Lichen planus (LP) is a chronic or subacute inflammatory papulosquamous skin 
disorder with very typical lesions which can affect skin, mucous membranes, nails, 
and hair. The disease occurs most commonly in middle age without a distinct gen- 
der bias and affects o.5%-i% of the population. 

The lichenoid skin lesions are characterised by strongly itching, polygonal, 
purple, flat-topped plaques and papules which tend to become confluent and display 
white reticular, so-called Wickham striae that are due to epidermal hypergranulosis. 
Further histopathological features are acanthosis, degeneration of basal cells and 
pigment incontinence in the epidermis, and a linear infiltrate of lymphocytes and 
histiocytes within the upper dermis [3]. Both CD4 + and CD8 + T lymphocytes have 
been found in lesional LP, with a predominance of CD8 + cells as the disease pro- 
gresses [19]. Basal keratinocytes were found to produce proinflammatory cytokines 
(IL-ip, IL-4, IL-6, GM-CSF, and TNF-a) [81], and Langerhans cells were shown to 
express markers of activation such as ICAM-i and vascular adhesion molecule 1 
(VCAM-i) on their cell surface [79]. 

Although the cellular infiltration has been well characterised, the aetiology of 
LP is not yet known. Involvement of a viral infection has been assumed due to a sym- 
metric and exanthematous distribution of the skin lesions. There is an association 
with chronic liver diseases, in particular with hepatitis C, in up to 40% of all patients, 
but that the virus is pathogenetically responsible for the skin disease and the typi- 
cal cellular infiltration has not yet been proven [65]. 
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Glucocorticosteroids, 
retinoids and cyclosporin 
represent beneficial 
systemic drugs in LP but 
carry the risk of side effects. 



A prolonged application of 
tacrolimus ointment 
appears to be 
recommendable in the 
treatment of mucosal LP 



The course of LP can be limited to spontaneous remissions or become severe due 
to exacerbations. Thus, the therapy of this disease can be difficult. Glucocorticoste- 
roids, retinoids and cyclosporin represent beneficial systemic drugs in LP but carry 
the risk of side effects. Systemic glucocorticosteroids, retinoids, and cyclosporin have 
all shown therapeutic efficacy in severe and exanthematous cases, but prolonged 
treatment with doses carrying a substantial risk of severe side effects is frequently 
necessary. 

Ultrapotent topical steroids have been shown to be useful in cutaneous lesions, 
but are limited in their duration of use due to topical side effects, such as skin atro- 
phy, or due to other complications such as Candida infections in oral LP. Cortico- 
steroids of lower potency do not display good therapeutic results in cutaneous or 
mucosal lesions. Topical retinoids, such as tazarotene, have demonstrated good the- 
rapeutic efficacy but their irritative potential often requires an additional treatment 
with topical glucocorticosteroids. 

PUVA treatment has shown positive therapeutic effects in generalised cases of 
LP, but is not indicated in patients with a milder course of the disease due to a higher 
risk/benefit ratio [10]. 

LP can affect the mucous membranes of the mouth, pharynx, nose, conjunctiva, 
urethra, vagina, penis, and anus. Severe cases are characterised by erosive and ulcer- 
ative lesions. The treatment of erosive mucosal LP is particularly discouraging both 
for patient and physician because it is often resistant to topical drugs, and a pro- 
longed treatment with systemic steroids or retinoids, which is often necessary, bears 
the risk of substantial side effects. 

Topical tacrolimus has been shown to decrease the expression of several proin- 
flammatory cytokines and cell activation markers in a contact dermatitis model [25]. 
Thus, the idea of trying to treat LP with topical tacrolimus is a logical consequence 
if one regards the cellular infiltration in LP skin lesions. 

Vente et al. [75] have shown good initial therapeutic effects of topical tacrolimus 
in patients who suffered from severe recalcitrant erosive mucosal LP. The drug 
showed beneficial effects in all patients, a complete resolution in three out of six 
patients, and substantial improvement in the other three was seen after a 4-week 
treatment with 0.1% tacrolimus ointment twice a day. Initial burning at the site of ap- 
plication was the only side effect noticed, but the treatment led to a rapid relief from 
the pain and burning caused by the mucosal lesions. One out of six patients showed 
increased tacrolimus blood levels (9-15 pg/L) but no signs of systemic side effects. Al- 
though the treatment showed substantial therapeutic effects in all six cases, the le- 
sions relapsed within 3-4 weeks in five patients after the treatment had been 
discontinued [75]. Further investigations have confirmed these observations [37]. 

Thus, a prolonged application of tacrolimus ointment appears to be recommend- 
able in the treatment of mucosal LP. A safe and beneficial long-term therapy with 
tacrolimus ointment has previously been shown for the treatment of atopic derma- 
titis [61]. To evaluate the efficacy and safety of tacrolimus ointment in cutaneous and 
mucosal LP, randomised, controlled double-blind trials must be performed which 
also include a comparison with high-potency topical glucocorticosteroids. 
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Lichen Sderosus 

Lichen sderosus was described in 1887 by Hallopeau as an atrophic form of LP. It is 
a chronic dermatosis which is characterised by white atrophic plaques with loss of 
the elastica and follicular keratoses. It affects the genital areas of both sexes more fre- 
quently than other parts of the body, such as the neck, clavicular regions, breasts, and 
shoulders. Lichen sderosus occurs most commonly in middle-aged women [46]. 

The aetiology of the disease is unknown. An association with MHC antigens, 
such as HLA-B21 and HLA-DQ7, has been reported, particularly in the prepubertal 
onset of the disease [42]. Lichen sderosus is thought to involve autoimmune-medi- 
ated mechanisms, as it may appear with LP, morphea, lupus erythematosus, vitiligo, 
or chronic graft-versus-host disease in some cases. An abnormality of keratin syn- 
thesis and defects in androgen metabolism are further pathogenetic theories. The 
latter is based on the observation that the disease often heals or ameliorates in young 
females when reaching puberty. The presence of microbial DNA, in particular 
Borrelia burgdorferiyhas been detected in lichen sderosus in only some patients and 
could not be confirmed by larger studies [17]. 

Lichen sderosus begins asymptomatically in most patients but may lead to se- 
vere morbidity when affecting large parts of the genital area. 

In men, lichen sderosus commonly affects the prepuce and the glans. Uncircum- 
cised males are more often affected than circumcised ones. The initial symptoms 
are burning and itching with urination. Subsequently, decreased sensation of the 
glans, painful erections, and phimosis may occur. The end-stage condition is called 
balanitis xerotica obliterans. Most treatments are not very effective. A circumcision 
is generally recommended if topical corticosteroids or testosterone propionate (2%) 
ointment do not show a positive effect on the course of the disease. Patients should 
be monitored on a regular basis because in cases of lichen sderosus in conjunction 
with leucoplakia, the development of a squamous cell carcinoma (SCC) is possible 
and should be ruled out by biopsy. 

In women, lichen sderosus appears in the anterior vulvar and periclitoral areas 
with white itching plaques and erosions due to pruritus-induced scratching. How- 
ever, many patients develop progressive scarring resulting in resorption of the labia 
minora and the clitoral hood and a narrowing of the introitus vaginae. The vagina 
itself is never affected. The management of lichen sderosus in female patients has 
become more effective with the introduction of topical formulations of high-potency 
glucocorticosteroids. The application of clobetasol proprionate two or three times 
a week shows therapeutic efficacy on itching and hypopigmentation of the vulvar 
lesions. Treatment attempts with ointments containing progesterone and oestrogen 
have been reported, but the therapeutic benefit remains questionable. Topical ultra- 
potent glucocorticosteroids (0.05% clobestasol ointment) are very effective in the 
treatment of vulvar lichen sderosus [12], but prolonged treatment which is often 
necessary carries the risk of skin atrophy due to reduction of collagen synthesis [40]. 
Oral and topical retinoids have been reported as efficient, but their use is limited 
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We have observed good 
therapeutic efficacy of 
0.1% tacrolimus ointment 
in two female patients 
suffering from recalcitrant 
vulvar lichen sclerosus 



because of teratogenicity (systemic) and irritative potency (topical). Surgical treat- 
ments of lichen sclerosus such as vulvectomy, cryotherapy, and carbon dioxide laser 
vaporisation show partial improvement in severe cases of lichen sclerosus, but due 
to the high relapse rate of up to 85%, these therapeutic modalities are rarely indi- 
cated. As in men, the course of the disease should be carefully monitored and docu- 
mented because of the possibility of the occurrence of vulvar intraepithelial 
neoplasia (VIN) or SCC [56]. 

Tacrolimus ointment is a reasonable alternative because its therapeutic proper- 
ties in inflammatory skin diseases have been shown to be comparable to those of 
topical glucocorticosteroids without an effect on collagen synthesis in the skin, 
which eliminates the risk of skin atrophy associated with the protracted use of topi- 
cal glucocorticosteroids [60]. 

We have observed good therapeutic efficacy of 0.1% tacrolimus ointment, ap- 
plied twice daily over 6 weeks, in two female patients suffering from recalcitrant vul- 
var lichen sclerosus for more than 10 years (Fig. 11.2). The patients reported a 
substantial relief of the previously intractable itching and pain. The only remarkable 
side effect was a slight burning that appeared at the site of application during the 
first week of treatment. These initial results suggest the therapeutic efficacy of 0.1% 
tacrolimus ointment in vulvar lichen sclerosus. Larger studies in both vulvar and 
penile lichen sclerosus are warranted. 




Figure 11.2 a,b. Vulvar lichen sclerosus a before and b after 6 weeks’ treatment with 0.1% tacrolimus 
ointment 
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Pyoderma Gangrenosum 



Pyoderma gangrenosum is a chronic skin disease with typical, frequently painful, 
and rapidly spreading necrotic ulcers with undermined margins, which are often 
precipitated or aggravated on the trunk and lower extremities after minimal trauma 
(phenomenon of pathergy). The aetiology of pyoderma gangrenosum is unknown, 
but there is a frequent association with other systemic diseases, the most common 
of which are inflammatory bowel disease (Colitis ulcerosa, Crohn's disease), rheu- 
matoid arthritis, and monoclonal gammopathy. Since there are no typical serologi- 
cal or histopathological features in pyoderma gangrenosum, the diagnosis is usually 
based on clinical symptoms [30]. Neutrophils are assumed to play a major role in the 
pathogenesis of pyoderma gangrenosum because the initial histopathological find- 
ings are predominated by neutrophil granulocytes [41]. Recent investigations re- 
ported increased receptor-protein interactions on the cell surface of granulocytes, 
which may explain the altered activity on these cells [2, 69]. 

In patients with associated diseases and rapid development of pyoderma gan- 
grenosum, systemic medication is often essential. Apart from corticosteroids, macro- 
lides like tacrolimus have shown successful therapeutic efficacy in severe cases 
[1, 43]. However, oral treatment may involve serious side effects, such as nephro- and 
neurotoxicity, and metabolic disorders. 



There are no typical 
serological or histo- 
pathotogical features in 
pyoderma gangrenosum 




Figure 11.3 a,b. Pyoderma gangrenosum in a 63-year-old male patient a before and b after 12 weeks’ 
treatment with 0.5% tacrolimus solution 
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Sulpha drugs, such as dapsone, sulphapyridine, and sulphasalazine, are benefi- 
cial in pyoderma gangrenosum, but not all patients with pyoderma gangrenosum re- 
spond well to these drugs. Similar findings have been made with the antileprosy 
drug clofazimine. 

Tacrolimus ointment has been reported to be effective after a 12- week topical 
treatment in a 0.5% solution of a 32-year-old woman who had previously undergone 
systemic glucocorticosteroid treatment for recalcitrant pyoderma gangrenosum 
without efficacy [68]. Topical immunosuppressive treatment such as tacrolimus oint- 
ment appears to be a symptom-oriented alternative with minimal risk in cases which 
are not associated with systemic diseases. 

Further publications and our own observations confirm the efficacy of topical 
tacrolimus in pyoderma gangrenosum also at lower concentrations (0.1%) (Fig. 11.3) 

[54,55, 59]. 



Leg Ulcers in Rheumatoid Arthritis/Rheumatoid Ulcers 



The aetiology of RA is 
still unknown, but the 
pathomechanisms are 
assumed to be auto- 
immune) logically 
mediated 



Rheumatoid arthritis (RA) is a chronic polyleptic, inflammatory disease which pre- 
dominantly affects articular cartilage and bone, and may consequently lead to joint 
destruction. It affects nearly 2% of the Caucasian population, and frequently dis- 
plays extra-articular manifestations in muscles, bone marrow, kidney, heart, lung, 
eyes, central nervous system, and skin. 

The aetiology of RA is still unknown, but the pathomechanisms are assumed to 
be autoimmunologically mediated. The inflammation in RA results from complex 
cell-cell interactions. T cells assume a major role in the pathogenesis of RA, which 
is supported by an association with specific MHC class II expression, the important 
role of T cells in animal models of RA, and the improvement in RA with T cell- 
directed therapeutic approaches. An interaction between CD4 + T cells and antigen- 
presenting cells (APCs) leads to activation of macrophages and dendritic cells (DCs), 
resulting in an increased secretion of proinflammatory cytokines such as IL-i, IL-6, 
and TNF-a. Moreover, polyclonal activation of B cells induces the synthesis of the 
“rheumatoid factor” (RF), an autoantibody directed mainly against the Fc region of 
the immunoglobulins IgM or IgG. There is a close correlation between high RF titres, 
especially of the IgA isotype, and RA [4, 15]. 

There are several dermatological features in RA ranging from the common rheu- 
matoid nodules to severe rheumatoid vasculitis with digital infarcts, palpable pur- 
pura, and cutaneous ulcers [27]. 

Leg ulcers in RA occur at a frequency ranging from 0.6% to 8%, and are often 
attributed to systemic or localised vasculitis; however, there are other potential 
aetiological factors of leg ulcers in RA, such as venous insufficiency, arterial dis- 
ease, diabetes, or skin fragility due to prolonged corticosteroid treatment. These 
“vasculitic” leg ulcers associated with RA tend to enlarge rapidly, and are usually 
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deep and characteristically painful, punched out, well demarcated, and difficult to 
heal. Pyoderma gangrenosum is an important differential diagnosis, but in pyo- 
derma gangrenosum, lesions show undermined purplish margins. Superficial ulcer- 
ating rheumatoid necrobiosis can be clinically distinguished because the chronic, 
superficial, ulcerating, discrete lesions present bilaterally on lower legs are charac- 
terised by their atrophic, teleangiectatic basis with yellow colouration. Histologically, 
endothelial cell swelling, fibrinoid necrosis of vessel walls, and infiltration with 
lymphocytes or neutrophils can be detected in vasculitis-associated leg ulcers in dif- 
ferent degrees. Granuloma formation with central necrosis and immune complex or 
fibrin deposition can also occur. However, there are no systematic histological stud- 
ies on leg ulcers in RA, and histological examination often fails to show evidence of 
vasculitis [45, 78] 

The healing of skin ulcers in RA may be a lengthy process, and one-off treat- 
ments have been shown to be inefficient in most patients so far. Conventional local 
therapy of leg ulcers in RA rarely leads to significant improvement. Systemic modali- 
ties, such as glucocorticosteroids, immunosuppressants (cyclophosphamide, azath- 
ioprine, cyclosporin), or plasmapheresis are often required, but possible severe side 
effects limit their use [4, 14]. Furthermore, dapsone was reported to be effective [8]. 

The topical application of nerve growth factor (NGF) in the treatment of chronic 
vasculitic leg ulcers in RA was recently suggested as a new therapeutic modality. The 
efficacy of NGF is assumed to be due to its positive effect on keratinocyte prolifera- 
tion and neoangiogenesis [74]. 

Regarding the severe side effects associated with prolonged treatment with 
high doses of systemic immunosuppressants, and considering that T cells assume a 
pathogenetic role in RA, we reasoned that topical application of immunomodulators 
might be an alternative option. 

A 65-year-old woman with an 8-year history of severe RA developed a pain- 
ful and rapidly growing ulcer on her left lateral ankle. The clinical and histological 
appearance suggested localised cutaneous vasculitis, whereas other aetiological fac- 
tors could be excluded. The lesion had not responded to local treatment including 
glucocorticosteroids and hydro colloidal wound dressings over 8 months. Gluco- 
corticosteroid-induced osteoporosis and previous adverse reactions to non-steroidal 
immunosuppressants and second-line drugs precluded systemic therapy. As an alter- 
native, topical application of 0.5% tacrolimus solution was started and led to almost 
complete healing of the ulcer within 5 months [67]. The therapeutic efficacy of topi- 
cal tacrolimus for leg ulceration associated with RA was confirmed in a 62-year-old 
female patient who received MTX (15 mg once a week) and prednisone (7.5 mg daily) 
for seropositive RA persisting for more than 20 years. Topical tacrolimus was used 
as an adjunctive therapy and led to healing of the ulcer within 7 weeks, which had 
not responded to conventional topical wound treatment previously (unpublished ob- 
servations). 

These observations suggest that recalcitrant leg ulcers associated with RA may 
be successfully treated with topical tacrolimus. 



Conventional local 
therapy of leg ulcers in RA 
rarely leads to significant 
improvement 
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Steroid Rosacea 

Many inflammatory skin diseases such as psoriasis and atopic dermatitis can be 
safely and easily treated with topical steroid formulations. However, excessive appli- 
cation of topical steroids can lead to a rosacea-like skin disorder, particularly in the 
face. 

Steroid rosacea was first described in 1969 by Sneddon [70] and in 1974 by Ley- 
den and Kligman [39]. The disease is characterised by pruritic, inflammatory pap- 
ules and pustules in typical facial locations such as the central facial, periorbital, 
and perioral regions. Patients achieve clearance of the lesions by using the topical 
steroid compounds, but as soon as they are withdrawn a strong rebound reaction 
can be seen, which initiates a vicious circle for the patient. 

The pathogenesis of steroid rosacea may be explained by several mechanisms. 
Glucocorticosteroids exert vasoconstrictive effects in the skin by inhibiting the re- 
lease of the endothelium-derived relaxing factor (EDRF) which acts as a vasodilator. 
The vasoconstriction involves the accumulation of several mediators, such as nitric 
oxide (NO), with opposing vasodilatory effects. After glucocorticosteroid with- 
drawal, the vasodilating effects of NO lead to an enlargement of the diameter of the 
small vessels. This intensifies the rebound features which are typical of steroid rosa- 
cea: erythema, pruritus, and burning [58]. 

Another pathogenetic factor of the disease maybe explained by the immunosup- 
pressive effects of corticosteroids which facilitate the growth of micro-organisms 
such as bacteria and yeast fungi, on the skin. These may act as superantigens which, 
after withdrawal of topical corticosteroids, enhance proinflammatory cytokine- 
mediated inflammatory cutaneous reactions [38]. 

The treatment of steroid rosacea is difficult, and it usually takes several weeks 
to complete healing. Apart from strict avoidance of topical glucocorticosteroids, 
topical (erythromycin, clindamycin) and systemic antibiotics (doxycycline, mino- 
cycline) are used to reduce the number of bacteria and the amount of possible 
superantigens. Antihistamines provide relief of pruritus and diminish inflamma- 
tion. In addition, prolonged concomitant and intensive skin care with lotions or 
moist packs is essential to resolve the painful and burning inflammatory skin lesions 
[ 39 ]. 

Goldman described three patients with steroid rosacea who underwent treatment 
with topical 0.075% tacrolimus ointment twice daily for 7-10 days in conjunction 
with avoidance of topical glucocorticosteroids and rosacea-aggravating substances. 
All three patients showed rapid amelioration after 7 days of therapy and only slight 
side effects such as burning at the site of application at the beginning of the treat- 
ment. After withdrawal of tacrolimus ointment, all three patients showed mild re- 
bound reactions which could be resolved within 3-4 days after additional topical 
antibiotic treatment or repeated applications of tacrolimus ointment [20]. 

The rapid resolution of the inflammatory lesions may be explained by the direct 
interaction of tacrolimus with the gene transcription of proinflammatory cytokines 
in the skin, as has been shown in atopic and contact dermatitis. 
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These preliminary case reports suggest that tacrolimus ointment is effective in 
the treatment of steroid rosacea and that the duration of treatment can be reduced 
in comparison to conventional therapies. Our own experience in a limited number 
of patients points in the same direction (Fig. 11.4). 



Chronic Graft-Versus-Host Disease 

Graft-versus-host disease (GVHD) is a clinical syndrome which can emerge after 
bone marrow transplantation and is based on a graft-versus-host reaction. A graft- 
versus-host reaction occurs if immunocompetent T lymphocytes of a bone marrow 
donor recognise cells and tissue of an immunosuppressed recipient as antigen, and 
consequently induce an inflammatory reaction. Another requirement for develop- 
ment of a graft-versus-host reaction, according to Billingham, is a mismatch in the 
MHC [9]. 
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GVHD affects the skin early and frequently in comparison to other organs. 
Further organ systems involved in GVHD are the mucous membranes, liver, and 
gastrointestinal tract. Although prophylactic treatment and T-cell depletional mo- 
dalities have improved during the last years, GVHD after allogeneic bone marrow 
transplantation is still a frequent complication occurring in up to 30%-50% of all 
patients. 

GVHD is a classic immunologically mediated disease because T lymphocytes 
play a major role in the pathogenesis of the disease. However, the precise patho- 
genetic mechanisms of cutaneous GVHD have not yet been elucidated. Inflamma- 
tory infiltrates contain CD4 + (helper/inducer) as well as CD8 + (cytotoxic/suppressor) 
and CDi6 + (natural killer cell) lymphocytes, with a preferential accumulation of 
CD8 + cells [52]. The amount of Langerhans cells in the infiltrate diminishes continu- 
ously [50]. Furthermore, various inflammatory cytokines, such as IL-i, -2, -3, -4, -6, 
and -10, IFN-y, TNF-a, and GM-CSF, assume a role in the pathogenesis of GVHD 
[ 77 ] 

Clinically, GVHD can be subdivided into acute and chronic types. Acute GVHD 
usually occurs within 10-30 days after marrow infusion in 20%-8o% of all patients, 
and it does not necessarily involve a transition to chronic GVHD. Clinical symptoms 
frequently start with pruritus and pain on palpation on the palms, soles, and in the 
retroauricular region, followed by erythematous macules and plaques that tend to 
become confluent on the trunk and the extensor parts of the limbs. Conjunctival 
injection, erythema of the nail fold, and erosive lesions on oral and genital mucous 
membranes can also be seen. Apart from cutaneous lesions, elevated total bilirubin 
levels, nausea, and diarrhoea often occur in acute GVHD as signs of gastrointestinal 
and hepatic involvement. 

Chronic GVHD usually appears more than 3 months after bone marrow trans- 
plantation or evolves from a protracted course of acute GVHD. Traditionally, chronic 
GVHD has been classified into a lichenoid and a sclerodermic variant. The lichenoid 
form normally appears earlier than the sclerodermic one, and displays lesions simi- 
lar to those seen in lichen planus, with painful polygonal papules on the flexor 
surfaces and erosive mucosal lesions. The sclerodermic subset features variably 
distributed atrophic, hypo- and hyperpigmented plaques. The skin is thickened and 
shows a shiny surface. Severe forms of chronic GVHD show loss of parts of the 
pilosebaceous unit, widespread sclerodermic lesions with joint contractures, and 
skin ischaemia. Secondary complications, such as bacterial infections leading to sep- 
sis, can be fatal in patients whose immune status is totally compromised [77]. 

During the first 100 days after bone marrow transplantation, patients receive a 
graft-versus-host reaction-prophylactic medication which most often consists of 
MTX in combination with cyclosporin. In case of eruption of chronic GVHD, a com- 
bined systemic immunosuppressive treatment (glucocorticosteroids, cyclosporin, 
azathioprine) is inevitable so as to diminish the symptoms and to provide a longer 
survival. Nonetheless, this treatment bears the risk of secondary infections. Alterna- 
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tive therapeutic concepts with thalidomide, immunoglobulins, or anticytokine an- 
tibodies (anti-TNF-a) have recently been proposed to show beneficial therapeutic 
results in the handling of chronic GVHD. 

Dermatologists are usually involved in the treatment of chronic GVHD for cuta- 
neous infections, and the appearance of lichenoid and sclerodermic skin lesions. 
Apart from the use of antibiotic, antiviral, and antifungal treatments for skin infec- 
tions, topical steroids have been a mainstay of local treatment of skin lesions; how- 
ever, their use is limited because of steroid side effects, such as teleangiectasia and 
skin atrophy. Psoralen-UVA (PUVA) and extracorporal photopheresis have been 
introduced in the treatment of a variety of T-cell-mediated skin diseases to attain 
T-cell depletion [22, 76]. The lichenoid variant of chronic GVHD in particular re- 
sponds well to PUVA or extracorporal photopheresis treatment, whereas sclero- 
dermic forms have turned out to be more refractory to this kind of therapy. Initial 
observations have recently suggested beneficial effects of a UVA i phototherapy in 
cases of sclerodermic GVHD [23]. 

However, the visible effects of phototherapy and photo chemotherapy usually 
appear only after several weeks of treatment, and the necessary equipment is not 
available at many bone marrow transplantation centres. Thus, alternative topical 
non-steroidal treatment is of great interest for chronic GVHD. 

The efficacy of 0.1% tacrolimus ointment was investigated in 18 patients with 
chronic cutaneous GVHD. In all, 72% of the patients responded to treatment, as 
shown by improvement of pruritus and erythema within several days. However, 
all patients had to receive additional therapies, such as PUVA, extracorporal 
photopheresis, or systemic steroids, in order to stop progression of GVHD. This 
series of cases shows that tacrolimus ointment may serve as an adjunctive modality 
treating the erythema and pruritus in chronic GVHD to supplement therapies which 
display a slower onset of action, such as PUVA and extracorporal photopheresis [11]. 



Tacrolimus ointment may 
serve as an adjunctive 
modality treating the 
erythema and pruritus in 
chronic GVHD 



Alopecia Areata 



Alopecia areata is an autoimmune-mediated disease which is characterised by cir- 
cumscribed hair loss of the scalp and beard, displaying a mononuclear cellular infil- 
trate in and around anagen hair follicules [53]. 

The application of topical tacrolimus in the Dundee experimental bald rat model 
[44] and in C3H/HeJ mice [16] demonstrated that topical treatment with tacrolimus 
is able to induce hair regrowth in alopecia areata, suggesting that tacrolimus may 
have considerable potential as a topical treatment for this disease. However, initial 
clinical observations of topical tacrolimus in patients with alopecia areata have re- 
ported disappointing results thus far, which demands further investigations [72]. 



Alopecia areata is an 

autoimmune-mediated 

disease 
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Conclusion 



Anecdotal reports and pilot 
studies in small numbers 
of patients suggest that 
topical tacrolimus is 
effective in a variety of 
i nflam matary s k in d i so rde rs 

For example, animal studies in mice with lupus showed that systemic tacrolimus 
reduced the incidence of skin lesions, suggesting that topical tacrolimus might be a 
promising immunosuppressive agent for the control of cutaneous autoimmune skin 
diseases, such as cutaneous lupus [18]. 

In the future, systematic and controlled studies in various glucocorticosteroid- 
responsive, T-cell-mediated inflammatory skin disorders such as cutaneous lupus 
erythematosus, Behcet’s disease, and precursor or initial forms of cutaneous T-cell 
lymphoma (“parapsoriasis en plaque”) are warranted to demonstrate the efficacy 
and safety of tacrolimus ointment in analogy to atopic dermatitis. 

There is promising evidence that atopic dermatitis will not remain the only skin 
disease for approved treatment with tacrolimus ointment (Protopic®). 



Numerous anecdotal reports and pilot studies in small numbers of patients suggest 
that topical tacrolimus is effective in a variety of inflammatory skin disorders other 
than atopic dermatitis (Fig. 11.5). Generally, T-cell-mediated skin diseases, which are 
known to respond to cyclosporin, but also other inflammatory dermatoses mediated 
by mast cells or other molecular or cellular factors represent possible targets for 
topical tacrolimus therapy [5]. 




Figure 11.5. Approved (atopic dermatitis) and putative future indications for treatment with tacro- 
limus ointment 
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Introduction 

Patients and physicians alike have long been aware of the adverse effects skin disease 
can have on affected individuals, their families, partners, and friends. Attempts to 
document and measure these adverse effects are a recent phenomenon. The first 
quality-of-life (QoL) index designed for use with dermatology patients, specifically 
for those with psoriasis, was published in 1987 [12]. This chapter describes the con- 
cept of QoL measurement in dermatology, discusses several indices for use in der- 
matology and finally demonstrates how QoL indices have been employed to assess 
the response of patients with atopic dermatitis to various therapeutic modalities, 
particularly tacrolimus ointment. 

A few definitions are in order. The World Health Organization has offered the 
following [37]: 

Impairment: In the context of health experience, an impairment is any loss or 
abnormality of psychological, physiological or anatomical structure or function. 
Disability: In the context of health experience, a disability is any restriction 
or lack of ability (resulting from an impairment) to perform an activity in the 
manner or within the range considered normal. 

Handicap: In the context of health experience, a handicap is a disadvantage 
for a given individual resulting from an impairment or a disability that limits or 
prevents the fulfillment of a role that is normal (depending on age, sex, social, 
and cultural factors) for that individual. 

Quality of Life: One can speak of the overall QoL, which includes factors such 
as housing, food, employment, and entertainment, or of health-related QoL. For 
the balance of this chapter, we will only consider the latter. QoL can be divided 
into physical, psychological, and social domains [32]. 

The effects of a wide range of dermatological disorders on QoL have been reviewed 
[16]. Particularly well described and documented is the impact of psoriasis, atopic 
dermatitis, and acne. QoL measurements in dermatology can serve a variety of func- 
tions, supporting clinical activities and research projects, meeting auditing needs, 
and also helping patients and healthcare professionals reach political and financial 
goals. 
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Clinically, each physician at least informally assesses the QoL of a given patient 
when planning therapy. Informal, doctor-driven assessments of QoL are less than 
adequate. Firstly, the physician’s determination of a patient’s impairments and dis- 
abilities is often quite different from that of the patient. Secondly, a common error is 
to confuse or equate assessment of disease activity with QoL measurement. Patients 
with psoriasis can have 50% improvement in percentage of body surface involved, 
but if their face and nails are still severely affected, patients may not feel any im- 
provement in QoL has occurred and are unlikely to describe themselves as 50% bet- 
ter. Easily employed measurements of QoL have the potential to be incorporated into 
routine clinic visits and help guide the physician with management decisions such 
as when to employ an expensive or potentially dangerous therapy. In addition, the 
use of QoL measurements has an intrinsic clinical value; patients are pleased when 
they sense that someone cares how they feel about their disease, as they fill out a 
questionnaire. 

In a research setting, when trying to determine if a new therapeutic regimen is 
helpful or not, QoL scores offer an additional parameter. Especially with atopic der- 
matitis where few objective measurements are available, QoL scores are of special 
benefit. More complex assessments are possible in a research setting when addi- 
tional time and manpower are available. In countries where there is rationing of 
health care services because of limited resources, QoL information can contribute 
to decision making over resource allocation and treatment priority. 



Types of QoL Measurement 

All QoL measurements are by definition questionnaires, as information must be 
categories of QoL indices obtained from the patient. There are four major categories of QoL indices [18]: 



General Health Index 

Two widely used general health measures are the Sickness Impact Profile (SIP) with 
its United Kingdom variant the UKSIP, and the Short Health Form Survey 36 (SF-36) 
with its shorter versions. Both of these are designed to be used across all diseases, 
and thus many questions are not relevant to dermatology patients, increasing back- 
ground noise and reducing sensitivity. For example, if an atopic dermatitis patient is 
asked about joint pain and answers positively, these complaints may have no relation 
to the skin disease. In contrast, with a psoriasis patient, the same information may 
be highly relevant. 

The UKSIP provides a general measure of health status which can be used to 
follow changes over time or between groups. It has 136 questions arranged in 12 
groups of daily activity. Areas such as physical capacities, psychosocial dimensions, 
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sleep, home management, work, recreation, and eating are covered. The UKSIP has 
been compared with a skin-specific index in patients with eczema; the correlation 
was good. It has also been used to study patients with basal cell carcinoma and pso- 
riasis. 

The SF-36 is designed primarily to survey health status in the general population. 
The 36 questions cover general areas such as physical function, role limitations, 
social functioning, mental health, energy and vitality, pain, and general health per- 
ception. The SF-36 has been employed in evaluating acne and psoriasis patients. 

Another general measure applicable to skin diseases is the Patient Generated 
Index (PGI). Here the patient is asked to list the five most important aspects of their 
life affected by their disease; this is very time consuming and harder to score, but 
allows patients to record problems which may not be mentioned in a “fixed” ques- 
tionnaire. 

Other measures are available which may address different aspects of the lives 
of dermatology patients. The General Health Questionnaire (GHQ) is a self-admin- 
istered psychiatrical screening questionnaire, available with 12, 28, 36 or 60 items. 
The 28 -item questionnaire, for example, has four sections dealing with somatic 
symptoms, anxiety and insomnia, social dysfunction, and severe depression. The 
GHQ has been used in patients with port wine stains and psoriasis, as well as in a 
general dermatology clinic population. 

The Nottingham Health Profile (NHP) is another survey-type assessment, con- 
taining 38 questions which cover areas similar to those of the other general health 
questionnaires. It has been employed in patients with leg ulcers and urticaria. 



Utility Measures 

Utility measures assess the theoretical value individuals place on their health and 
are used to give some insight into patient attitudes. Patients may be asked to rank or 
value their disease in terms of money or time trade-offs. In simplest terms, one can 
ask a patient how much they would pay to be rid of their disease, or what percent- 
age of their annual income they would sacrifice to be disease-free. A more complex 
but related analysis is the Quality Adjusted Life Year (QALY). Here, 1 year of life 
expectancy in perfect health is taken as a 1. In decisions over the use of potent drugs 
with significant side effects, a patient might be confronted with a choice between, 
say, living 5 additional years with a life quality of 0.5 (5 x 0.5 = 2.5 QALY) or just 
2 years with a life quality of 0.8 (2 x 0.8 =1.6 QALY). In fact, the QALY concept is 
more useful as a pharmacoeconomic analysis tool than in the clinical setting. Its fun- 
damental concept of addressing life expectancy in years is not very appropriate to 
dermatology, where the trade-off relating to disease-free days is more understand- 
able and relevant. 
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Dermatology-Specific Measures 

The concept of using QoL questionnaires in dermatology goes back to 1970, when 
both a standard series of questions [36] and the American Medical Association 
(AMA) disability guidelines [6] were published. Other approaches have been sug- 
gested over the years, but most were too complex for routine clinical use, not quan- 
tifiable, or overly concerned with psychological issues. In the past decade, a number 
of more applicable QoL indices have been developed. They include the Dermatology 
Life Quality Index (DLQI) [13], as well as the Skindex [5], Dermatology Quality of Life 
Scales (DQLS) [30], and the Dermatology-Specific Quality of Life [2]. 

We described the DLQI in 1994; it has become widely accepted and will be ex- 
plained in detail. Readers are encouraged to acquaint themselves with the other 
indices and decide which ones best fit their practice and other needs. Advice over 
which concepts to consider when making this choice has been reviewed [16]. Derma- 
tology-specific indices can be used to compare variations in QoL between patients 
with the same or different skin diseases. However, the absolute numbers and percent- 
age change yielded in such indices cannot be used to compare skin diseases with 
other illnesses. For this purpose, a general health QoL index must be employed. 



Skin Disease Specific Measures 

The first disease-specific QoL index for dermatology was the Psoriasis Disability 
Index (PDI) devised in 1987 to assess patients with psoriasis [12]. There are now 
several other specific indices for psoriasis. Other forms have been devised for acne, 
eczema, urticaria, onychomycosis, and leg ulcers [16]. The range of problems, though 
not necessarily their ranking, experienced by patients with inflammatory skin dis- 
eases is very similar. For this reason, dermatology-specific measures can be used 
appropriately and successfully across many different skin diseases. 



QoL Measurement In Children and Infants 

There are numerous problems in creating questionnaires for children. Their lives are 
of course very different and there are many additional problems relating to age and 
level of understanding. There has been proportionately less interest in both general 
and skin-related QoL measurements in children. Specific general QoL indices for 
children are available, such as the Children’s Life Quality Index. There are two other 
indices which are not very applicable to dermatological problems or developed 
countries - the Children’s Quality of Life Index (NICQL) [22] and the Lindstrom- 
Kohler Index [28]. There is also a Paediatric Symptom Checklist which has been 
used to screen for psychosocial dysfunction in both general paediatric and derma- 
tology patients. 
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We have developed with Dr. Lewis-Jones the Children’s Dermatology Life Qual- 
ity Index (CDLQI), which is still the only dermatology-specific QoL index for 
children. A cartoon version of the CDLQI has been validated and submitted for pub- 
lication. It is preferred by children and is quicker to complete. Particular attention 
must be paid to making a questionnaire easily understandable to children, and it 
must be clear whether or not parents should help with the completion of the ques- 
tionnaire. Clearly, there can be problems at both ends of the age scale, roughly set as 
4-16 years of age. Some teenagers might be better assessed with the adult survey, 
particularly if they are no longer in school, while some young children may be un- 
able to answer on their own. To address an even younger group, we have also devised 
with Dr. Lewis-Jones an Infants’ Dermatitis Quality of Life Index (IDQOL). Finally, 
because so often the entire family is affected by a child or infant with a skin disor- 
der, we created a Dermatitis Family Impact (DFI) questionnaire. A similar but longer 
questionnaire has also been developed [35]. 



QoL Indices Developed by Our Group 

The key areas surveyed in three of the indices to be discussed - DLQI, CDLQI, and 
IDQOL - are listed and compared in Table 12.6. Further information on these indi- 
ces and the DFI can be obtained at our website www.ukdermatology.co.uk. 



Dermatology Life Quality Index 

The Dermatology Life Quality Index (DLQI) has received remarkable acceptance 
since its introduction in 1994 [13]. It is now available in many different languages 
and has been used to assess a wide variety of skin disorders and document their 
response to treatment or other interventions. We initially asked 120 patients aged 
15-70 years attending the dermatology out-patient clinic at the University Hospital 
of Wales to help us identify how their skin disease was affecting them. They were 
given a sheet of paper with the following question: 

“We are trying to find out how much skin disease affects people. We would be 
grateful if you could help us y though there is no obligation to do so. Please could 
you write down all the ways that your skin disease affects you. Please include any 
effects on your work life , social life , personal relationships, and leisure activities, 
or any other way in which your skin disease affects your life. Although we need a 
record of your diagnosis, sex, and age for analysis, your reply is otherwise anony- 
mous .” 

To our surprise, no patient refused to answer, offering immediate if informal con- 
firmation that patients feel this area of evaluation is an important one and are grate- 
ful for the chance to discuss how their disease affects them. The most common 



241 



The Children's Dermatology 
Life Quality Index is the 
only dermatology-specific 
QoL index for children 




12 Quality of Life Measurements in Atopic Dermatitis 



Table 12.1. Different aspects of life affected by skin disease (adapted from [13]) 



General category 


Examples 


Symptoms 


Pain, itching, sleep disturbance, irritation 


Feelings 


Self-conscious, embarrassed, worried 


Daily activities 


Choice of clothes; restricts shopping, house and garden work 


Leisure activities 


Restrictions, especially swimming; limits social life 


Work or school 


Difficulties with performance, career affected 


Personal relationships 


Difficulties in making new relationships, sexual difficulties 


Treatment 


Messy, smelly, makes clothes greasy | 



diagnoses were acne, psoriasis, atopic dermatitis, other forms of dermatitis, melano- 
cytic nevi, basal cell carcinoma, and viral warts. The number of different problems 
listed by each patient ranged from o to 8, with a total of 49 aspects of impairment 
identified (Table 12.1). From this group, an initial 10-point questionnaire was de- 
vised and soon modified after a trial run with 20 patients. A key feature of the DLQI 
and related indices is that the questionnaire only inquires about the events of the 
past week. This is a short enough period of time to allow accurate recall but also a 
long enough period to include problems that might not be encountered on a daily 
basis. 

The DLQI consists of 10 questions, each of which is to be answered with a score 
ranging from o to 3. Thus the total score can range from o to 30. This score can be 
determined by looking over the questionnaire for about 10 s. Hence, obtaining the 
DLQI score does not take much more of the practitioner's time than asking, “How 
are you doing?” and listening to the answer. Either the raw score can be used, as has 
become standard, or one can calculate a percentage of 30. No further evaluation is 
needed. While it is clear that some aspects of impairment are more devastating to 
a patient than others, we did not attempt to weight them. In the first place, few of 
the questions are truly independent. Second, a more time-consuming statistical 
analysis would immediately take the DLQI out of what we perceive as its proper 
home - the clinical setting. The ratings can be subdivided as shown in Table 12.2, 
allowing a more refined analysis, should this be desired. 

After developing the refined questionnaire, 200 general dermatology patients 
and 100 healthy volunteers were selected for further testing. As shown in Table 12.3, 
the controls had a DLQI of only 1.6, while the patients with atopic dermatitis, pruri- 
tus, psoriasis, and other forms of dermatitis had the highest scores. To assess repro- 
ducibility, 53 patients were tested in the dermatology out-patient clinic and then 
asked to return in 7-10 days to once again fill out the questionnaire. The test-retest 
reliability was high. 
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Table 12.2. Various categories 


in the DLQI questionnaire 






Questions 


Maximum score 


Symptoms and feelings 


1 and 2 


6 


Daily activities 


3 and 4 


6 


Leisure 


5 and 6 


6 


Work/schooi 


7 


3 


Personal relationships 


8 and 9 


6 


Treatment 


10 


3 






30 (max. total) 



Table 12.3. Average QoL scores in 


the initial DLQI study 


Diagnosis 


Mean score 


Control 


1.6 


Atopic dermatitis 


12,3 


Pruritus 


10.5 


Psoriasis 


8.9 


Other dermatitis 


8.6 


Average dermatology patient 


7.3 


Miscellaneous 


6.9 


Viral wart 


6.7 


Acne 


4.3 


Solar keratosis 


3.4 


Basal cell carcinoma 


[ 2.0 1 


Seborrhoeic keratosis 


1.8 



We have cross-validated the DLQI with both the UKSIP and the SF-36, general 
health measures which were not originally designed for patients with skin diseases. 
In all comparisons, the correlation is strong, suggesting that we are assessing QoL 
impact in a manner parallel to these widely established general measures. 

The DLQI has been employed in a variety of clinical settings, used to study pa- 
tients with acne, alopecia, atopic dermatitis, basal cell carcinoma, Behcet’s disease, 
Darier’s disease, hidradenitis suppurativa, ichthyosis, pemphigus, photodamage, pso- 
riasis, urticaria, and vitiligo. It has been employed to assess improvement following 
treatment of acne with oral retinoids or surgical removal of a basal cell carcinoma, 
as well as to document improvement in general dermatology in-patients. The pos- 
sible uses are limited primarily by the imagination of clinicians and investigators. 
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Children's Dermatology Life Quality Index 

As it is clear that the lives of children are affected by skin diseases in different ways 
than adults, we attempted to create a simple practical QoL questionnaire for use with 
children. The CDLQI was the first index designed specifically for paediatric derma- 
tology patients [25]. Our approach in creating it was similar to that outlined for the 
DLQI. Initially, 169 children aged 3-16 years attending the paediatric dermatology 
clinic at Wrexham Maelor Hospital wrote down with the help of their parents all the 
ways in which their skin disease interfered with the quality of their life. Two diseases 
accounted for 40% of the patients - atopic dermatitis (23%) and viral warts (17%); 
the balance was broadly distributed among the usual diagnostic categories. The 
major categories into which the children’s observations were grouped are shown in 
Table 12.4. Using these initial responses, we proceeded to construct a questionnaire 
with 10 questions. This questionnaire was designed to be filled out by the children 
with the help of an adult, ideally a parent. After testing the working form on 
a total of 40 children, the final form was adopted. 

Each of the 10 questions of the CDLQI has four possible answers, weighted from 
0 for “not at all” to 3 for “very much”. Thus the maximum total score is 30, just as in 
the DLQI. The questions are quite similar to the DLQI with some questions virtually 
identical. Questions about friendships, school, teasing, and sleep have replaced those 
about shopping, looking after the home, partners, and sexual difficulties. 



Table 12.4. Different aspects of children’s lives affected by skin disease (from [25]) 



General category 


Examples 


Symptoms 


Itching, scratching, bleeding, pain 


Feelings 


Embarrassed, angry, cross, upset 


Friends/Relationships 


Name calling, teasing, bullying 


Clothes 


Restrictions on choice, used to hide skin disease 


Social life 


Restricts activities 


Cosmetics 


Restricts use 


Sports and physical education 


Difficulty participating, embarrassed 


Swimming 


Impossible or difficult 


Schoolwork 


Activities affected 


Sleep 


Disturbed 


Environment 


Problems with heating, dust, sun 


Treatment 


inconvenient messy disliked 


Bathing 


Restricted 
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Table 12.5. Average scores in the initial CDLQI study 



Diagnosis 


Mean score 


Normal children 


0.38 


Children with other diseases 


0.74 


Scabies 


9.5 


Atopic dermatitis 


7J 


Acne 


5J 


Psoriasis 


5.4 


Average dermatology patient 


5.1 


Mol In scum 


4.9 


Miscellaneous 


4J 


Warts 


3.3 


Melanocytic nevi 


2.3 


Alopecia 


2.0 



The CDLQI was validated in roughly the same manner as the DLQI. An addi- 
tional 233 consecutive children attending the paediatric dermatology clinic agreed to 
fill out the questionnaire. As control groups, 55 children attending the general pae- 
diatrics clinic and 47 healthy siblings accompanying patients were studied. Finally, 
46 patients with relatively stable skin disease were asked to fill out the questionnaire 
during a visit and given a second form to complete in 4 days and return by post. 

The normal children had a mean CDLQI of only 0.38, while children with other 
diseases had a score of only 0.74. Among dermatology patients, those with scabies 
and atopic dermatitis had the highest scores, as shown in Table 12.5. The low scores 
for melanocytic nevi suggest that there is indeed a filtering effect, with the answers 
reflecting more the concerns of the children than of the parents. The repeatability 
of the questionnaire was once again excellent. 



Dermatitis Family Impact Questionnaire 

While it is clear that a child with atopic dermatitis influences many spheres of fam- 
ily life, these areas have not been rigorously identified or assessed. We have devel- 
oped a simple questionnaire to address this point, designating it the Dermatitis 
Family Impact (DFI) [24]. In contrast to the DLQI and CDLQI, the DFI and the in- 
fant evaluation discussed on p. 247 were designed and validated to be used only in 
families with atopic dermatitis. 
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The developmental process was similar to those outlined in the previous section. 
Over a 4-month period, the parents of all children aged 6 months to 12 years with 
atopic dermatitis attending the paediatric dermatology clinic at Wrexham Maelor 
Hospital were asked to participate in this study. Families in which the index child 
or a sibling had asthma severe enough to require treatment or other significant 
medical conditions were excluded. A total of 34 families were available for study; all 
mothers participated, but only 6 fathers, 12 child patients, and 8 siblings. 

While the end product was once again a simple 10-point questionnaire, the pro- 
cess was considerably more complex than for the DLQI or CDLQI. The family group 
was interviewed for about 1 h using the “ethnographic interview” approach. Such an 
interview is non-directive; the interviewer takes on the role of a pupil and attempts 
to learn from the expert participant. The interviewer tries to gather descriptive data 
focusing on the individual’s beliefs and attitudes towards given events, while avoid- 
ing any presuppositions. 

The concerns covered a wide range of areas, many of which might be overlooked 
in a busy clinic but which emphasise how pervasive the influence of atopic derma- 
titis is on a family, and help explain why tensions are apparent so often in the exam- 
ining or waiting room between such children and their parents. Eleven topic areas 
were discussed by the families during interviews. For example, 75% of parents indi- 
cated a general burden of extra care, 71% felt psychological pressures, and 66% 
felt their family could not lead a “normal life”. Parents were often awakened by their 
children, leading to secondary sleep deprivation. 

After this time-consuming process, a detailed questionnaire was developed with 
102 questions. Forty-one families, including 24 who had participated in the inter- 
viewing, completed this questionnaire, which not only covered all the raised issues 
but also included 12 questions attempting to assess the perceived importance of the 
various points. Parents assessed the most important issues as the child’s ability to 
cope with their disease, practical care issues, and satisfactory family relationships. 
Siblings in general were supportive and less affected by the disease process. The 
young patients’ responses produced about the same information as the CDLQI stud- 
ies. At this stage, the severity of the child’s atopic dermatitis was plotted against the 
number of problem areas their family had identified. As the severity of the disease 
increased, not surprisingly more problem areas were listed. 

After this period of refinement, a 10-point questionnaire was designed, similar 
to the DLQI both in format and scoring, with a maximum score of 30. It was tested 
in 62 families with atopic dermatitis children and 50 control families. The average 
study family had a DFI score of 9.6, whereas the score in control families was only 
0.4. Areas which were more frequently mentioned included practical difficulties 
in treatment, loss of sleep, fatigue, and distress. 
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Infants" Dermatitis QOL Index 

The Infants’ Dermatitis Quality of Life Index (IDQOL) was devised for use on infants 
(defined as children under 4 years of age) [27]. The CDLQI is not applicable for 
this age group, yet the bulk of patients with atopic dermatitis have their first signs 
and symptoms during the first years of life. Thus a questionnaire was designed to 
be filled out by parents. Once again, the IDQOL was developed only for atopic der- 
matitis, not for other dermatological diseases in infants. The various items asked 
about in the IDQOL are shown below. 



Topic areas discussed in interviews for IDQOL 

■ Practical care issues 

■ Psychological pressures on the parents 

■ Family lifestyle 

■ Sleep disturbance, both in patient and parents 

■ School 

■ Effects on child’s behaviour 

■ Social life of parents 

■ Relationships 

■ Practical support 
a Holidays 

■ Financial aspects 



A total of 92 parents were interviewed about their infant’s atopic dermatitis. A 9-point 
questionnaire was prepared and soon modified to include a 10th point on problems 
at bath time. Once again the scoring is identical to that of the DLQI and CDLQI, with 
a total score ranging between o and 30. A comparison of DLQI, CDLQI and IDQOL 
survey items is shown in Table 12.6. An additional feature of the IDQOL is a sepa- 
rately reported 11th question eliciting the parents evaluation of the infant’s atopic 
dermatitis; here the score may range from 0 (no eczema) to 5 (severe). To validate the 
IDQOL and compare it with the DFI, the parents of 68 clinic patients and 34 postal 
patients were asked to complete both questionnaires. The clinic group was asked to 
complete another set within 24 h, whereas the postal group was asked to complete 
two sets 24 h apart. 

The mean scores for the IDQOL and the DFI were similar. In addition there was 
good correlation between the two measures. There was also good test-retest reli- 
ability for both the IDQOL and DFI. A concern was that the “background noise” 
might be considerable. For example, many infants without atopic dermatitis also 
experience difficulty in falling asleep or awaken at night, throw temper tantrums or 
have other mood changes. To better assess these problems, the Infants’ Behavioural 
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Table 12.6. Comparison of DLQI, CDLQI and IDQOL survey items (based on [7 ] , S66 but with IDQOL 
not Toddler) 



QOL category 


DLQI 


CDLQI 


IDQOL 


Symptoms and feelings 


■ Itchiness 


/ 


S 


/ 


■ Self-consciousness 


/ 


/ 


/ 


■ Mood 1 




Daily activities 


■ Shopping 


/ 






■ Dressing 


/ 


/ 




■ Mealtimes 1 | 


/ 


■ Bathing 






/ 


Leisure 


m Social activities 


/ 




/ 


■ Sports 


/ 


/ 




u Playing 






/ 


Work 


/ 






School/h 0 1 i days 








Social issues 


■ Persona! relation ships/friendships 


/ 


/ 




■ Sexual difficulties 


/ 






■ Teasing 




/ 




Sleep 




Treatment 




/ 


/ 



Check List (BCL) [33] was used to survey the parents of a group of 22 normal infants 
in a local child care centre as well as 82 infants with atopic dermatitis. There were 
clear differences between the two groups, with sleep and mood problems more com- 
mon in the infants with atopic dermatitis. 



QoL in Atopic Dermatitis 

No one needs to tell a patient with atopic dermatitis that their disease often inter- 
feres with enjoying life to its fullest. Similarly, parents, siblings, partners, fellow stu- 
dents, work colleagues, and social friends are also all aware of the multitude of ways 
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in which atopic dermatitis affects the sufferer and those close to the patient. Prob- 
ably no other dermatological disorder impacts more severely on children than atopic 
dermatitis, because it has both a high prevalence and is often more severe and long- 
lasting than other childhood skin disorders. Family and social relationships may 
be disrupted, leading to extreme stress and tension between parents and affected 
children or among siblings. Life at school may be difficult because of lost school 
days, inability to concentrate when present because of pruritus or sleep deprivation, 
and rejection by classmates when the skin disease is visible and disfiguring. Simi- 
larly, an affected infant may unwittingly wreak havoc within a family, causing prob- 
lems for parents and to a lesser degree for siblings. Only in recent years have there 
been attempts to quantify how atopic dermatitis and other skin diseases impact 
upon a patient. Although there are several possible approaches, this discussion will 
be centred on the major clinical problems and how QoL measurements have been 
used to evaluate atopic dermatitis patients and their social environment. 



Clinical Features 

The two principal clinical problems in atopic dermatitis are pruritus and loss of 
sleep. The role of pruritus is so overwhelming that at least one experienced observer 
has suggested that the only defect in atopic dermatitis is pruritus and that all other 
changes are secondary [1]. Modern immunological research has demonstrated that 
this theory is an oversimplification and not accurate, but it serves to demonstrate 
just how central pruritus is to atopic dermatitis. Not every patient complains of pru- 
ritus; some describe skin burning or pain. As a clinician, one must be alert to these 
distinctions; a patient rapidly becomes disenchanted with a physician who asks 
about itch while they are complaining of burning. Our understanding of neuro- 
physiology is inadequate to explain these variations. In addition, some patients may 
experience pain as a result of a viral or bacterial secondary infection; clinicians must 
therefore have a high degree of alertness. 

The relationship of pruritus and sleep disturbance highlights another principle 
in the assessment of atopic dermatitis. It seems obvious that pruritus and sleep 
problems are interrelated; someone with severe itching is bound to report more 
difficulties falling asleep and staying asleep than one with no such problems. This 
correlation makes statistical weighting and other analyses even more challenging, 
and is one reason why we have employed an arbitrary uniform scale, although we 
recognise that pruritus would be weighted more heavily than other features by many 
patients and parents. 

One can further divide the clinical features of atopic dermatitis into physical 
problems, emotional problems, and social difficulties. Another overlapping problem 
is disfigurement and embarrassment/shame. When an individual has inflamed, 
erythematous weeping skin lesions or thickened lichenified changes visible on the 
face and arms, they are deeply aware that they do not look normal. They try to hide 
their abnormal skin, either via clothing or by avoiding activities where they must un- 
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dress in public. At the same time, they dread such questions as, “What’s wrong with 
your skin?” or more painfully, “That looks awful: why don’t you do something about 
it?” 

The long-term difficulties include troubles with friends, siblings, and partners 
as well as a variety of restrictions at school and work. A sleep-deprived student or 
employee is likely to not always be as effective as a non- affected “competitor”. A 
scratching typist cannot type as fast as a non-scratching one. The list is endless; all 
these features are those we try to capture in QoL assessments. 



Use of QoL Measures in Atopic Dermatitis 

Some of the major disease severity assessment indices also include QoL measure- 
ments, covering many of the points in the DLQI. For example, the SCORAD index 
proposed by the European Task Force on Atopic Dermatitis [11] attaches major 
importance to pruritus and sleep loss. There are over 20 scoring systems available, 
and each weights pruritus differently, ranging from 7% to 33% of the total disease 
score [14]. Almost all also attach importance to sleep deprivation. A stumbling block 
for all these systems is how to combine the clinical signs (such as erythema, scaling) 
and the subjective or questionnaire-elicited symptoms such as pruritus. Objective 
measurements, such as serum levels of a reactive protein, or instrument-based 
assessment of skin integrity or function have thus far failed to achieve sufficient 
reliability. Because of these failings, QoL measurements have assumed an increas- 
ingly important role in assessment of outcome following therapeutical interven- 
tion. 



Adults 



About half of adults with 
severe atopic dermatitis 
would be willing to pay 
€ 16000 for a cure 



Some of the general health measures have been employed in atopic dermatitis 
patients. For example, the UKSIP was used to assess the improvement in QoL in pa- 
tients with severe atopic dermatitis treated with systemic cyclosporin A [34]. Utility 
measures have also been employed [15]. For example, about half of adults with severe 
atopic dermatitis would be willing to pay £ 10 000 (€ 16 000) for a cure. They would 
be willing on average to sacrifice three quarters of their annual salary for the sake of 
a cure, if one existed. 

One of the first papers documenting the use of the DLQI assessed the improve- 
ment in QoL among dermatology in-patients [23]. Over a 6-month period, all 230 in- 
patients were invited to complete the DLQI questionnaire on admission and again 
after 4 weeks. The mean DLQI on admission was 13.2 and 4 weeks after discharge, 
7.7. Of this group, 67 had atopic dermatitis. They showed an improvement from 16.2 
to 9.6, with the greatest change in the areas of symptoms and embarrassment. The 
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severity of impairment of QoL in adult atopic dermatitis patients has been demon- 
strated in a second multicentre study [15]. As in the UK, 75% of skin problems are 
managed by primary care physicians, we also used the DLQI to compare patients 
being treated in the community with those under specialist care. In the case of atopic 
dermatitis, the DLQI was 12.5 among dermatology out-patients and 11.0 in those in- 
dividuals encountered in primary care practices, emphasising that the major prob- 
lems encountered by patients with atopic dermatitis are not confined to those under 
specialist care [19]. 

We also showed that the DLQI did not change significantly during the waiting 
period between a dermatology referral and a dermatology clinic visit, but signifi- 
cantly improved in the 3 months after the first appointment [17]. In another study, 
both the level of anxiety (assessed with the Spielberger State-Trait Anxiety Index) 
and the severity of a patient’s atopic dermatitis influenced the DLQI score [29]. 

A larger project based in Barcelona showed a significant improvement in QoL 
measures in adult atopic dermatitis patients with mild to moderate disease treated 
with topical corticosteroids [3]. In addition, two studies employing QoL measure- 
ments (but not DLQI scores) showed improvement in adults treated with cyclospo- 
rin A and phototherapy [31, 34]. Finally, a study combining the PGI with the DLQI 
showed that the more detailed patient-generated PGI allowed the patients to better 
emphasise the loss of QoL associated with sleep problems and difficulty in going 
swimming [21]. 



Children 

The Children’s Life Quality Index, a general measure not to be confused with the 
CDLQI, has been used to compare the degree of impairment in children with atopic 
dermatitis with those with asthma and chronic ear/nose/throat problems and to 
evaluate the extent of disability caused by atopic dermatitis to children throughout 
the community [8, 9]. Using the CDLQI, a significant improvement in the QoL has 
been demonstrated following in-patient treatment [26]. There are two studies dem- 
onstrating marked improvement in QoL after administration of systemic cyclo- 
sporin A [4, 20]. To demonstrate the impact of a nurse-led atopic dermatitis clinic, 
the CDLQI was completed before and after children visited the clinic. There was a 
significant improvement in scores, demonstrating a benefit of this service [10]. 



Families and infants 

As detailed in the preceding sections, both the DFI and the IDQOL were specifically 
designed for evaluation of problems associated with atopic dermatitis. In the origi- 
nal paper on IDQOL, a significant and parallel improvement in both IDQOL and 
DFI scores was seen in 25 infants whose families were evaluated before and after 
treatment [21]. 
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QoL Assessment in Patients Treated with Tacrolimus Ointment 

A large study of topical tacrolimus treatment for atopic dermatitis in 985 adults, 
children (5-15 years) and toddlers (2-4 years) has been completed with particular 
emphasis on QoL measurements [7]. Patients were enrolled in three different phase- 
three studies, each a 12-week, randomised double-blind study comparing two con- 
centrations of topical tacrolimus (0.03%, 0.1%) versus ointment vehicle for moder- 
ate to severe atopic dermatitis. Patients were treated either for 12 weeks or until the 
affected areas identified at baseline were completely cleared. QoL was assessed at 
baseline, week 3, and week 12 (or at time of early discontinuation). The QoL surveys 
employed were DLQI, CDLQI and a “Toddler Survey” based on CDLQI but with only 
eight questions, as the IDQOL was not available when this study was started. A final 
item on therapy continuation was added to the last survey. Patients or parents were 
asked whether they would continue to use the study ointment if they had the choice. 
There were six possible responses, ranging from “100% sure would continue” to 
“100% sure would not continue”. 

A total of 902 individuals - 579 adults, 178 children, and 145 toddlers - completed 
a baseline and at least one subsequent QoL survey and could be included in the 
study. The average ages of the groups were: adults, 39 years; children, 9 years; and 
toddlers, 3 years. About half the patients were male and two thirds were white. Half 
of the children and adults and two thirds of the toddlers were judged to have severe 
atopic dermatitis. 

The QoL scores were evaluated separately for each age group to compare the 
effects of vehicle, 0.03% and 0.1% tacrolimus ointment. The baseline scores dramati- 
cally demonstrate the profound effects of atopic dermatitis in all three age groups. 
Over 80% of adults were affected by itchiness, self-consciousness, dressing diffi- 
culties, and work or study problems. Among children, the main problems were itchi- 
ness, self-consciousness, dressing, sleeping, and problems with treatment, all of 
which were described by over 60%. Among infants, 85% of the parents reported 
on itchiness, being upset/sad, sleeping problems, and difficulties with treatment. 

The QoL scores reflected a significant improvement with tacrolimus ointment, 
regardless of concentration, compared to vehicle in every category in all three age 
groups. Among adults, the biggest improvement was seen in the symptoms and feel- 
ings and work/school categories. Among children, the improvements were greatest 
in symptoms and feelings, sleep, and treatment, while the parents of toddlers noticed 
the most changes in the same categories. Only when 0.03% ointment was compared 
with vehicle in children with regard to its effect on personal relationships was there 
no statistically significant difference. In all cases, the 0.1% tacrolimus ointment was 
more effective than the 0.03% formulation. In the adult group, all differences be- 
tween the two concentrations of tacrolimus were significant except in the treatment 
category; in children and toddlers, the differences were not significant. 
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Almost 80% of adults using 0.1% tacrolimus ointment wanted to continue, com- 
pared to 70% of those with the 0.03% ointment and only 30% of those with vehicle 
alone. Similar satisfaction was shown by children and the parents of toddlers. In gen- 
eral, the QoL measurements paralleled the clinical improvement as assessed by the 
various investigators. Thus in this large and extensive investigation, QoL studies us- 
ing DLQI, CDLQI, and the precursor of IDQOL seemed to be valuable adjuncts for de- 
monstrating effectiveness of therapy, enhancing the evaluation of the investigators. 
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Pharmacoeconomics in Atopic Dermatitis 

M. Augustin 



introduction: Socioeconomic Impact of Atopic Dermatitis 

Atopic diseases have been increasing in prevalence in industrial countries for several 
decades. According to recent studies, about io%-20% of schoolchildren in EU coun- 
tries are affected with characteristics of atopic eczema [1 6]. Similar numbers are re- 
ported from other regions of the world with a Western lifestyle. The prevalence data 
of allergic rhinitis are similar. The International Study of Asthma and Allergies in 
Childhood (ISAAC) study revealed a prevalence of asthmatic symptoms in EU coun- 
tries from about 10% (Mediterranean countries) to more than 30% (UK and Ireland) 
[16]. Primarily environmental conditions and social status have been postulated as 
predictors for atopic diseases in addition to national and geographic differences [25, 
42 , 43 ]. 

Atopic dermatitis (AD) is a great therapeutic challenge for all dermatologists and 
allergologists. For the sufferers, AD is sometimes associated with considerable det- 
riment to the quality of life, and results in high direct and indirect costs for the 
health system, patients, and economy. 

In this chapter the pharmacoeconomic impact of AD is summarised and the ba- 
sis for pharmacoeconomics is presented in brief. 



Pharmacoeconomics: Definition and Aims 



Pharmacoeconomics is a subarea of health economics. It examines the cost/benefit 
ratios of drugs and therapeutic procedures. Procedures are economically sound if 
the costs are in an appropriate ratio to the benefits. “Benefit” is determined in the 
form of medical parameters (such as skin scores), monetary units (such as costs of 
disease), or intangible values (such as quality of life, satisfaction). 

It must be emphasised that from an economic point of view, there is no therapy 
which is per se “too expensive”. The price is only to be viewed in terms of a favour- 
able or unfavourable relationship to the achieved benefit. For this reason, a balance 
is needed between the costs accrued and the benefit achieved by a therapy when 
assessment is made of treatments for AD. 



Pharmacoeconomics 
examines the cost/benefit 
ratios of drugs and 
therapeutic procedures 
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Definition and Evaluation of Costs 



According to international rules, costs can generally be divided into three categories: 
Direct costs: costs in connection with treatment 
Indirect costs: costs to the economy arising from illness 
Intangible costs: non-monetary costs (e.g. quality of life) 



Direct costs in health care 
derive from fees to doctors 
or hospitals and from costs 
for medication and other 
health devices 



Direct costs are costs for the health service (public or private health insurance sys- 
tem) and costs for the patients. They derive directly from diagnostic and therapeu- 
tic procedures. Medical and non-medical costs are differentiated. 

In discussing costs, it is thus necessary to cite the cost perspective. In many clini- 
cal studies, the costs of the drugs alone, only a part of the direct costs, are recorded. 
From the point of view of the health insurance system, the total treatment costs are 
relevant, but not the direct costs for the patient. From the perspective of the eco- 
nomy, the ability of the patient with AD to work and his/her productivity are of 
interest. 

In general, direct costs in health care derive from fees to doctors or hospitals and 
from costs for medication and other health devices. Moreover, transportation and 
other non-medical costs can also be of importance. A summary of important cost- 
inducing factors in the direct costs is shown below. 

International comparison shows that there are considerable differences in health 
systems and in the mechanisms of cost reimbursement for patients with AD and other 
skin diseases. Direct and indirect costs depend on the health system, the health mar- 
ket, and the reimbursement system. 



Causes of relevant direct costs in AD 

Insurance/health service 

■ Drugs 

■ UV therapy 

■ Out-patient fees (consultations) 

■ Hospitalisation 

■ Auxiliary materials 

Patients 

■ Self-medication 

■ Care products 

■ Prescription fees 

■ Patient-paid transportation 

■ Extra dietary needs 

■ Special clothing, bedding and other protective measures 

■ Informational material 
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Causes of relevant indirect costs in AD 

Economy 

■ Lost working days 

■ Loss of productivity at work 

■ Changes of work place 

Patients 

■ Loss of income due to illness 

■ Loss of income for accompanying parents 



Definition and Evaluation of Quality of Life 

The term “quality of life” (QoL) is a construct which cannot be directly measured. 
In its general sense, it includes all conditions necessary for the well-being of an in- 
dividual in society. In a more narrow sense, the well-being of a person in dependence 
on his state of health is termed “health-related QoL”. Among the factors in health- 
related QoL are “physical health”, “emotional health”, “social life”, and “functional 
capacity in everyday living” [10, 37]. The “health-related QoL” can further be differ- 
entiated into “generic” QoL, referring to general health conditions, and “disease-spe- 
cific QoL” which reflects the particular QoL situation in a given disease. 

The patients’ QoL has been emphasised increasingly as a target criterion in al- 
most every area of medicine over the past decade. 

In addition to the clinical course and effects of costs, QoL is increasingly included 
as an outcome parameter in economic studies [38]. 

Data on QoL are needed not only in clinical studies, but also in everyday practice. 
In treating a patient with AD, we must obtain an impression of whether that patient’s 
QoL is impaired and the extent to which the planned treatment measures will have 
an effect on this (see below). The patient’s QoL has always been the focus of clinical 
treatment in this respect, even when it was not so explicitly stated in the past. 

The areas of applicability of QoL data are: 

Therapy decisions in practice 
Clinical guidelines 

Outcome parameters in clinical studies 

Assessment criteria for marketing authorisation of drug/cost reimbursement 
Quality management in practices and hospitals 

Questions referring to the public health system and allocation of resources 
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QoL is a decisive factor in health economics and health politics in order to distrib- 
ute the limited resources of the health system as fairly as possible where they are 
needed. It is an expressed health-political objective in all modern societies to apply 
the necessary financial resources so as to maintain or reinstate the QoL in chroni- 
cally ill patients. In order to do this, reliable data will be needed in the future on 
which to base these so-called cost allocations. 

Assessing QoL is based on the patient’s subjective view. Thus, it can only be mea- 
sured by interrogating patients or their relatives (“proxies”; Fig. 13.1). For method- 
ological reasons, QoL is mostly assessed by standardised questionnaires instead of 
interviews. These questionnaires can be generic or disease-specific, the former per- 
mitting QoL assessment in a great range of diseases or even in healthy persons, the 
latter being more adequate for the evaluation of problems specific to a certain dis- 
ease. Hence, the choice of the right QoL questionnaire strongly depends on the 
particular purpose of the study and on the study design. Numerous instruments have 
been published for the assessment of QoL in dermatology and allergology (Table 13.1). 

Methods for assessing QoL in skin disease patients have been published by the 
German Dermatological Society (Deutsche Dermatologische Gesellschaft, DDG) as 
guidelines [5,7]. 



f.riiy^iidi lu 1 1 1 |j f d 1 1 ns 

The following questions deal with your physical well-being. 

Please cross the appropriate circle in each line. 

In the last week how often did you feel. , ♦ 


never 


seldom 


sometimes 


often 


always 


1 


Skin burning 


0 


0 


0 


lo 


0 


2 


Shortness of breath 


0 


0 


0 


0 


0 


3 


Weak feelings 


0 


0 


0 


0 


0 


4 


Sleep disorders 


0 


0 


0 


0 


0 


5 


Skin dryness 


0 


0 


0 


0 


0 


6 


Skin wetness 


0 


0 


0 


p 


0 


7 


Diarrhoea or obstipation 


0 


0 


0 


io 


0 


8 


Itching 


0 


0 


0 


0 


0 


9 


Tense skin 


0 


0 


O 


o ; 


0 


10 


Lump In the throat 


0 


0 


0 


0 


0 


11 


Urge to sneeze 


0 


0 


0 


0 


0 


12 


Dizziness 


0 


0 


0 


0 


0 


13 


Irritations of the skin 


0 


0 


0 


0 


0 


14 


Headache 


0 


0 


0 


0 


0 



Figure 13.1. Excerpt from a Quality of Life Questionnaire (FLQA, [3] ) with possible answers on the scale 
“physical complaints” 
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Table 13.1. Instruments for the assessment of quality of life in dermatology 



Questionnaire 


Author 


Year 


Illness 


Items (n) 


Dermatology Life Quality Index (DLQI) 


Finlay and Kahn [17] 


1994 


Skin In general 


10 


Children s Dermatology Life Quality 
Index (CDLQI) 


Lewis-Jones et aL [29] 


1995 


Skin in general 


10 


Dermatology Quality of Life Scales 
(DQGLS) 


Morgan et aL [34] 


1997 


Skin in general 


29 


Sk index 


Chren et aL [11] 


1996 


Skin in general 


29 


Marburger Hautfragebogen 
(Questionnaire on chronic skin 
diseases) 


Stangier et aL [39] 


1996 


Skin in general, 
atopic eczema 


51 


Dermatology Specific Quality of Life 
Instrument (DSQL) | 


Anderson et al. [2] 


1997 


Acne, contact 
dermatitis 


52 


Freiburg Life Quality Assessment for 
allergies (FLQA-a) 


Augustin et al. [5] 


1999 


Allergic skin 
diseases 


45 


Freiburg Life Quality Assessment for 
dermatoses (FLQA-d/short form) 


Augustin et aL [3] 


2000 


Skin in general, 
atopic eczema 


51/28 


Infants' Dermatitis Quality of Life Index 


Lewis-Jones et al, [30] 


2001 


Skin in general 


10 


Dt Instrument zur Erfassung der LQ bel 
Hauterkrankungen (DiELH) (German 
instrument for Recording Quality of Life 
in Skin Diseases) 


Schafer et al. [36] 


2001 


Skin in general, 
atopic eczema 


36 



Pharmacoeconomic Analyses 

The interpretation of the costs for a medical procedure depends on the outcome 
(benefit) that can be achieved. Thus, a validated comparison of the input (in mon- 
etary units) and the output (in monetary or other units) for any treatment or medi- 
cation is necessary (Fig. 13.2). 



Costs 




Intervention 




Outcomes (benefit) 



$$ 

input 



Patient 
Treatment 
Health care 
Clinic 

Health system 




"Health status" 
Quality of life 
Costs 



Figure 13.2. Pharmacoeconomical evaluation of medical interventions 
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Costs 




Outcome parameters 




Economic analysis 




’Health status" 
Quality of life 
Costs 



Analysis of: 

■ Cost-effectiveness 

■ Cost -utility 

■ Cost -benefit 



Figure 13.3. Pharmacoeconomic analyses assessing input and output of medical procedures 



This input-output comparison can be performed at any level of the health system, 
for example, the treatment of a single patient, the cost-effectiveness of a drug, the 
performance of a clinic or the health system in total. Depending on the parameters 
to be compared, the analysis of costs versus outcomes is called cost-benefit analysis, 
cost-utility analysis or cost-effectiveness analysis (Fig. 13.3). 



Pharmacoeconomic Aspects in Atopic Dermatitis 

Cost Factors in Atopic Dermatitis 



In Germany, approximately 
€1.5-2 billion to €3.5 
billion annually are 
estimated in direct and 
indirect costs for AD 



The number of scientific publications on the costs of atopic dermatitis is small. Esti- 
mates or extrapolations from smaller study groups indicate costs of disease running 
to several million euros each year [15, 23, 40]. Most of these cost estimates take only 
the direct costs into account. 

In Germany, approximately € 1.5-2 billion [5] to € 3.5 billion [19] annually are es- 
timated in direct and indirect costs for AD. The annual total costs for AD in the UK 
extrapolated from a 2-month study on patients in Scotland were estimated at about 
£ 465 million (€ 732 million) [22]. In a US study, the annual national costs for treat- 
ing children with atopic dermatitis were US $ 364 million (€ 363 million) [28]. 

Data on the cost-effectiveness of AD drug therapy are rare [26]. In recent stud- 
ies, a few authors have published additional data on the costs of AD in selected pa- 
tient groups. 

In an Australian study, Su et al. [40] evaluated the annual direct costs in 48 chil- 
dren with AD, differentiated according to severity. Total direct costs for patients 
with mild, moderate and severe AD were Australian $ 992 (€ 536), $ 2730 (€ 1476) 
and $ 4809 (€ 2600), respectively. 

In the U.S., the third-party payer costs for eczemas were estimated from $ 0.9 to 
$ 3.8 billion per year [14]. In the Netherlands, costs of illness in AD were significantly 
lower per patient than in Germany ($ 186 vs. $ 2559 per year) [41]. 



260 





Pharmacoetonomic Aspects in Atopic Dermatitis 



In a study on children with AD, Emerson et al. [15] found average annual direct 
costs per patient of £ 50.65 (€ 79.78) for the health service and £ 28.94 (€ 45-58) for 
the family. They interpolated direct annual costs of AD in children aged 1-5 years of 
£ 47 million (€ 74 million), including £ 30 million covered by the health service and 
£ 17 million paid by the patients. In our own study (Table 13.2) of a representative 



Table 13.2. Cost factors of a random sample of out-patients with atopic dermatitis (n=i35) at the Uni- 
versity Hospital of Freiburg, Germany 



1. Direct costs per year 
a) For health insurance 


Basis of calculation 


Sum (€) 


Drugs 


Recorded directly 


258.98 


Adverse drug effects 


Recorded directly 


0.00 


UV- and balneotherapy 


Recorded directly 


198.79 


Curative and auxiliary substances 


Recorded directly 


0.00 


Out-patient medical treatment 


16.8 doctor's visits at €15.85 


266.28 


In-patient treatment 


1.2 days at €188.67 


226.40 


Cures 


1.08 days at €97.15 


104.92 


Patient allowance 


Recorded directly 


0.00 


Costs of care 


Recorded directly 


0.00 


Sum of direct costs for insurance 




1055.37 


b) For the patients 


Prescription fees 


Recorded directly 


32.82 


Other patient-paid costs 


Recorded directly 


0.00 


Transportation costs 


16.8 trips at € 7.87 


132.22 


Care products 


Recorded directly 


252.78 


Extra dietary costs 


Recorded directly 


98.78 


Cost of extra materials 


Recorded directly 


129.58 


Sum of direct costs for patients 




646.18 


Total direct costs 




1701.55 


2 . Indirect costs per year 


Sick leave 


j 2.88 days at €117.60 


338.68 


Inability to work and early retirement 


Recorded directly 


0.00 


Retraining 


Recorded directly 


0.00 


Continued wage/salary payment 


Recorded directly 


0.00 


Total indirect costs 




338.68 


Total costs 




2040.23 
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random sample of patients with AD, the mean annual direct costs were € 1701.55 [8]. 
Of these costs, € 1055.37 (59-6%) were covered by the health service, and the patients 
themselves had to pay € 646.18 (40.4%). 

The most important cost factors for the health insurance were out-patient medi- 
cal treatment (mean annual costs: € 266.28), followed by drug costs (€ 258.98). The 
most important cost factors for the patients were products for skin care (€ 252.78) 
and transportation costs (€ 132.22), followed by costs of extra material (e.g. clothing, 
bedding) and extra dietary costs. 

The annual indirect costs were € 338.68. The only cost factor for this study was 
the days lost at work due to illness, estimated at € 117.60 per day. 

The total costs regarding a patient with AD were extrapolated to € 2040.23 per 
year. The indirect costs accounted for 16.1%. The selection effects of treatment in 
a university hospital must be taken into account in these data. However, accord- 
ing to conservative estimates, the prevalence of all variants of AD in Germany is 
about 3.o%-4.o%, of which about 40%-50% of patients (approx. 1.5 million) are in 
need of medical care on a regular basis. The resulting annual total costs may then 
add to about € 2.0-2.5 billion, including costs for medical treatment of approxi- 
mately € 1.0-1.5 billion. 



Quality of Life in Atopic Dermatitis 



The extent of limitation 
to QoL in AD is greater 
than the limitations in 
patients following 
myocardial infarction 



A variety of studies have shown that the QoL of patients with AD is markedly re- 
duced. In summary, it can be stated that significant limitations in AD patients com- 
pared with healthy persons were found in all of the studies published on QoL [1, 8, 
13, 14, 23, 24, 33]. Among patients with different allergological diseases of the skin, 
patients with AD show the highest impairment of QoL (Fig. 13.4) [5]. 

The QoL of patients with AD was significantly improved in controlled clinical 
studies by means of various dermatological treatment procedures. Among these are 
cyclosporin A [21, 35], tacrolimus [12], dermatological standard therapy [9], derma- 
tological standard therapy with behavioural therapy [27], balneotherapy [24], and 
UV therapy/photopheresis [20,33]. 

No direct comparison studies among a broader spectrum of allergic skin dis- 
eases and internal-medical diseases have been published. Our own data comparing 
AD and other chronic diseases show that the extent of limitation to QoL in AD is 
greater than the limitations in patients following myocardial infarction (in rehabili- 
tative treatment) and in patients with arterial occlusive diseases stages II to III. The 
results of this study show that the extent of limitations to QoL is less dependent on 
the threat to life than on the symptoms associated with the disease, as well as social 
and emotional stress. 
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Figure 13.4. Quality of life in patients with atopic eczema and allergic diseases (71=388) compared with 
healthy persons (77=240). Global scores of quality of life measured with the FLQA are shown [5]. High 
values indicate substantial deterioration in quality of life. *p <0.05, **p <0.01 



Pharmacoeconomics of Tacrolimus Ointment (Protopic®) 

From the pharmacoeconomic point of view, the introduction of a new drug raises 
the question as to whether the drug’s costs are justified by its benefits. When com- 
pared to the standard treatment, the ratio of additional costs and additional benefit, 
defined as incremental ratio, should be in favour of the new drug (Fig. 13.5). 

In this way, the costs and the potential benefits of Protopic® need to be assessed 
in order to judge the drug’s cost-effectiveness. 
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Costs of Tacrolimus Ointment in Clinical Studies 

Regarding the long-term use of tacrolimus ointment, to date no data from clinical 
trials have been published. 



Potential Costs Due to Side Effects 

Any topical or systemic treatment may raise costs due to side effects. The extent and 
relevance of side effects can only be interpreted in comparison with alternative treat- 
ments. Thus, the potential costs of tacrolimus ointment treatment due to side effects 
in the following section are compared with the costs of side effects under topical ste- 
roid treatment. Because of the lack of prospective study data, only a qualitative dis- 
cussion is performed. 



Skin Atrophy 



There no relevant risk 
of skin atrophy with 
tacrolimus ointment 
therapy 



All data presently available indicate that there is no relevant risk of skin atrophy with 
tacrolimus ointment therapy. In contrast, the use of topical steroids may be associ- 
ated with skin atrophy, which may be partially irreversible. To date, there have been 
no publications on the average number of patients with skin atrophy after steroid 
treatment. Moreover, the effective costs of atrophy have not yet been fixed. Part of the 
costs will be intangible, that is, cosmetic impairment and QoL reductions. Thus, an 
assessment of atrophy-derived costs in steroid treatment in the general population 
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of patients with AD cannot even be adequately estimated. However, it can be con- 
cluded that with respect to skin atrophy the economic comparison between steroids 
and Protopic® clearly favours Protopic®. 



Skin Infections 

Skin infections resulting from local immunomodulation may be of importance in 
that they may have to be treated with cost-relevant antibiotics or antiseptics. In rare 
cases, severe events, such as eczema herpeticatum requiring in-patient treatment, 
can markedly increase costs. 

Regarding Protopic® treatment, no severe adverse events have been observed to 
date in the studies available, including 13 000 patients with moderate to severe AD 
(see Chaps. 8 and 9). 

In terms of minor skin infections, Protopic® seems to induce no relevant increase 
in skin infections. There are even reports that infections with Staphylococcus aureus 
and herpes simplex are lower than average. The incidence and consecutive costs of 
skin infections under corticosteroid treatment have not yet been published. How- 
ever, there are a variety of publications and some clinical evidence that at least in 
some patients, the risk for fungal and bacterial infections following topical steroid 
treatment is increased. 

Since there are no data available on the costs of medical action taken, the only 
conclusion that can be drawn at present is that the economic consequences of skin 
superinfections due to Protopic® treatment are most probably not higher or even 
lower than those due to corticosteroid treatment. 



Systemic Effects 

As far as can be deduced from the studies on Protopic® systemic exposure, there 
are no indications of clinically relevant systemic effects (product information, 
Protopic®). Yet, it cannot be ruled out that systemic exposure to tacrolimus takes 
place, especially in the treatment of large areas. However, this does not necessarily 
mean that additional costs are induced. In contrast, topical treatment of large areas 
with corticosteroids for a longer period may result in systemic side effects, for ex- 
ample, reduced glucose tolerance, weight gain, oedema, skin atrophy and other 
Cushing-like symptoms. A severe problem may be the reduction of growth in chil- 
dren under long-term treatment with steroids. Again, a reliable estimation of the 
comparative cost effects of Protopic® and steroids regarding systemic adverse reac- 
tions cannot be undertaken, but it is very unlikely that the costs for Protopic® exceed 
those for steroids. 
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Carcinogenic and Mutagenic Effects 

The induction of malignancies is a detrimental and very cost-intensive event in drug 
treatment. In theory, the use of Protopic® could be associated with an increased risk 
of skin cancer, although experimental and animal studies have given no indication 
of this (Protopic® toxicology information). In a population of more than 9000 pa- 
tients, there was no increased incidence of non-melanoma skin cancer. Hence, to 
date, negative cost effects due to cancer induction by tacrolimus cannot be deduced 
from the available data. 



Rebound 

Unlike side effects, rebound phenomena do not induce costs for additional treat- 
ment, but rather prolong duration of treatment. If applied correctly, rebound phe- 
nomena are rare in the treatment of AD with Protopic®. Secondary costs most 
probably can be neglected. Although there are no published data on the frequency 
and the cost sequelae of rebounds in steroid treatment, clinical experience indicates 
that rebounds are common and require prolonged and cost-relevant treatment. 
Hence, there maybe a cost benefit for Protopic® with regard to rebound phenomena. 



Costs Due to Non Compliance 

Although there are no publications on the frequency and relevance of non-compli- 
ance in topical treatment of AD, it can be assumed that a relevant portion of patients 
do not use their medication properly. Non-compliance can lead to impaired skin 
condition and/or lack of improvement, thus generating additional medical costs. 
Regarding topical corticosteroid treatment, non-compliance is of great importance, 
since corticosteroid phobia - even if not justified - is common in many countries 
such as the UK, Japan and Germany [6]. In a study of about 90 German parents, 
Augustin et al. showed that around 40%-50% were cautious of using corticosteroids, 
and about 25% would not use them in any situation [6]. Even if the exact rate of non- 
compliance is not known, it can be assumed that non-compliance is of pharmaco- 
economic relevance in steroid treatment. In contrast, at present there are no relevant 
phobias with respect to Protopic® treatment in adults or parents. Thus, the rate of 
non-compliance in patients using Protopic® is most probably lower. However, a few 
patients may stop using Protopic® after the first applications when they feel a burn- 
ing sensation, especially when not fully informed by the dermatologist. 





Benefits and Cost-Benefit Ratios 



Benefits and Cost-Benefit Ratios 

The most important benefits from an effective treatment of AD are the clinical im- 
provement of symptoms, an increase in QoL, and a reduction of costs. 



Clinical Improvement 

There is strong evidence of the good efficacy and effectiveness of Protopic® in all 
stages and severity levels of AD. All clinical trials have demonstrated rapid and long- 
lasting effects (see Chaps. 8 and 9). Thus, the clinical effectiveness is a strong benefit 
in the treatment of AD with Protopic®. 



Quality of Life 

In a series of studies on more than 900 patients, it was demonstrated that treatment 
with Protopic® leads to a significant improvement of AD, compared with basic oint- 
ment [12]. In some cases, this improvement is more pronounced in the treatment 
with 0.1% Protopic®, compared with 0.03% Protopic®. 

The benefit of Protopic® with respect to QoL has been found in all age groups. In 
the verum groups, a great proportion of patients and parents were very motivated to 
continue treatment with Protopic® (even in the blinded groups). 

From these data it can be concluded that the use of Protopic® ointment is of sig- 
nificant economical benefit in the treatment of AD. 



Costs 

The effects of Protopic® treatment on the costs of illness have not yet been evaluated 
in prospective clinical studies. Hence, cost benefits cannot be proven by study data. 
However, two Markov model analyses based on real clinical data have shown sub- 
stantial cost benefits in the treatment of AD with Protopic® (see the section below). 



Cost-Benefit Ratio 

Due to the lack of study data directly comparing the pharmacoeconomic effects of 
Protopic® and standard treatments of atopic eczema, cost-benefit ratios and incre- 
mental costs cannot be quantified. From a qualitative point of view, there is evidence 
that in patients with moderate to severe AD Protopic® shows a good cost-benefit ratio 
because the additional costs are compensated by the additional benefits described 
previously. More comparative studies are necessary to confirm this hypothesis. 
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Pharmacoeconomics in a Markov Model Analysis 

Because of the lack of studies directly comparing costs of treatment with Protopic® 
and standard treatment in a large population of patients with atopic eczema, a model 
calculation was performed by the author. In this model, a so-called Markov analysis, 
a theoretical population of 20 000 patients with medium or severe AD was treated 
with either Protopic® (n = 10 000) or steroids/emollients (72= 10 000). All costs and ef- 
fects in these two groups were modelled for 12 months, based on real data gained 
from long-term studies on Protopic® (71=316, Reitamo 2000) and on standard treat- 
ment (72=120, Augustin 2003). 

Data analysis showed that in this population of patients with moderate to severe 
AD, the use of Protopic® markedly reduced costs and led to increased benefits com- 
pared with steroid treatment. The overall cost difference per patient and year was 
€ 1288 in favour of Protopic®. Of this saving, treatment with Protopic® led to € 740 
savings in direct medical costs, € 33 in direct non-medical costs and € 514 in indirect 
costs. 

Taken together, the economic benefits were significantly higher in the Protopic® 
group. 

In another Markov model, a comparison of efficacy and cost-effectiveness be- 
tween tacrolimus and pimecrolimus ointment in the treatment of moderate atopic 
dermatitis was performed [1] . Based on published data from clinical trials, the model 
revealed that tacrolimus ointment is significantly more cost-effective than pimecro- 
limus ointment, the efficacy of pimecrolimus being about 60% of the efficacy of 
tacrolimus. About 90% of efficacy would have been necessary for equal cost-effec- 
tiveness of pimecrolimus. 



Perspectives 

Scientific articles on pharmacoeconomics and QoL in AD show clearly that this 
disease bears a high economic importance. The expenditures for the development and 
production of innovative, highly effective medications will be immense. Overall, 
however, the wide-ranging socioeconomic consequences of AD appear to justify the 
high investment costs of research, prevention, and therapy [26]. 

On the benefit side, it can be expected that developments in modern pharmaceu- 
tical and immunotherapeutic treatments will result in considerable and long-lasting 
improvement in the QoL for the patients. Moreover, it can be expected that modern 
drug therapies will lead to reduced costs arising from disease, since they will be 
more effective, and have longer-lasting effects with fewer side effects. 
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After an era of corticosteroids, Protopic® is the first active substance in more 
than 30 years to fulfil these criteria and bring decisive low-risk improvement in the 
quality of care and QoL of AD patients. In combination with possible preventive 
measures, Protopic® can contribute to reducing disease-related costs. Among these 
preventive measures are educational factors, such as patient training [13, 44], and 
basic therapy in intervals of remission. 

In the future, however, it will be even more important that diagnostics and ther- 
apy of AD be conducted primarily by specialists taking both the costs and the 
patient’s QoL into account. Favourable cost-benefit and cost-beneficial effect ratios 
can only be achieved and inappropriate treatments avoided when the medical qual- 
ity of treatment is high. 
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acrodermatitis continua 217-219 
age of onset of AD 10 
allergens 

- aeroallergens 38, 68, 69 

- allergen avoidance 68 

- autoallergens 30 

- food allergens 38, 68 

- house-dust mite allergens 38 

- role in the pathogenesis of AD 23 et seqq. 
allergic AD (see extrinsic AD) 

allergy (see atopy) 
alopecia areata 229 
alternative treatments for AD 74, 203 
American Academy of Dermatology (AAD) 
diagnostic guidelines 54, 55 
American Medical Association (AMA) dis- 
ability guidelines 240 
animal models 87-89, 92-95, 118-122 
antibiotics for the treatment of AD 

- systemic 72 
-topical 69 

antigen-presenting cells (APC), (see den- 
dritic cells) 

antigens (see allergens) 
antihistamines for the treatment of AD 71, 
203 

antiseptics for the treatment of AD 69 
atopic dermatitis (AD) 

- age of onset 10 

- allergic AD (see extrinsic AD) 

- alternative treatments 74, 203 
-breastfeeding 24 

- cellular mechanisms 32 et seqq. 

- clinical features 48, 49, 54, 55, 64 

- clinical trials 

- - , adults 129 et seqq. 

, overview 134, 135, 193, 196 

- -, children 161 et seqq. 

, overview 164,193, 196 



- cohort studies 3 et seqq. 

- complications 73 

- concomitant atopy 10 

- cost 260-262 et seqq. 

- cross-sectional studies 3 et seqq. 

- definition 7-10 

- desensitisation 74 

- diagnostic criteria 47 et seqq. 

- dietary factors 14, 15, 68 

- disease severity 56 

- environmental factors 12-18, 24 

- epidemiology 3 et seqq. 

- ethnic groups 14, 139, 169 

- extrinsic AD 10, 11, 24, 36-38 

- family studies 5,11 

- flare prevention 145, 203-205 

- genetic factors 11-13, 24-27, 66, 67 

- grading of AD 47 et seqq. 

- Hanifin and Rajka diagnostic criteria 64, 

65 

- incidence 3 et seqq. 

- infections 16-18, 29, 30, 72, 73 (and see 
Staphylococcus aureus and herpes simplex) 

- intrinsic AD 10, 11, 24, 36-38 

- limited disease 141 

- migration studies 13, 14 

- mild AD 206, 207 

- millennium criteria 64, 65 
-mixed AD 10,11,37 

- neuroimmunological factors 30, 31 

- non-allergic AD (see intrinsic AD) 

- pathogenesis 23 et seqq., 95, 96 

- patient information 68 

- pharmacoeconomics 255 et seqq. 

- positive predictive value of diagnosis 
(PPV) 9 

- prevalence 3 et seqq. 

-prevention 67,68 
-pruritus 249 

- psychological factors 30, 31 

- public health programmes 18, 19 
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atopic dermatitis (continued) 

-pure AD 10,11,37,38 

- Quality of Life 65, 66, 237 et seqq., 262, 263 

- Rajka and Langeland severity criteria 36 

- screening tools 50-52 

- sensitivity of diagnosis 6, 8-10, 51, 53 

- sleep disturbance 249 

- specificity of diagnosis 6, 8-10, 51, 53 

- stress 30, 31 

- treatment 63 et seqq. 

- -, overview 67 

- -, role of tacrolimus ointment 185 et seqq. 

- -, systemic treatment 203 

- -, treatment models 186, 202 

- -, treatment with corticosteroids 70, 71 

- -, twin studies 5, 11 

- validation 7-10 

Atopic Dermatitis Area and Severity Index 
(ADASI) 58 

atopic eczema (see atopic dermatitis) 
atopic eczema/dermatitis syndrome (see also 
atopic dermatitis) 

- definition 23 
atopiform dermatitis 65 
atopy 

- concomitant with AD 10 

- patch test 38 
autoimmune disease 

- experimental 88, 89 
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B cells 

- effects of tacrolimus 114, 115, 119 
bacterial infections (see infections and 

Staphylococcus aureus) 
basophils 

- effects of tacrolimus 114, 115, 116, 120 
body surface area (BSA) affected in AD 

- calculation 136 

- in clinical trials 

- -, adults 137, 141-143, 145, 146 

- -, children 168, 171-175 
breast feeding and AD 24 



C 

calcineurin 89, 112, 113, 189, 190 
calcitonin gene-related peptide (CGRP) 30 
cAMP phosphodiesterase 31, 48, 49 
cellular mechanisms of AD 32 et seqq. 



ceramides 28 

Children’s Dermatology Life Quality Index 
(CDLQI) 180, 241, 244-246, 248, 251-253 
Children’s Life Quality Index 240, 251 
Children’s Quality of Life Index (NICQL) 240 
Chinese herbs for the treatment of AD 74, 
203 

clinical features of AD 48, 49, 54, 55, 64 
clinical trials in AD 

- adults 129 et seqq. 

- -, overview 134, 135, 193, 196 

- children 161 et seqq. 

- -, overview 164, 193, 196 
cohort studies of AD 3 et seqq. 
collagen synthesis 

- effects of corticosteroids 122, 123, 152, 153 

- effects of tacrolimus 122, 123, 152, 153 
complications of AD 73 

contact dermatitis in animal models 92-95 
corticosteroids 

- comparison of features with tacrolimus 
ointment 124,191 

- in vitro effects 87 

- in vivo effects 121-124 

- mode of action 120, 121, 189-191 

- pharmacoeconomics 264-266, 268 

- side effects 

- -, collagen synthesis 122, 123, 152, 153 

- -, skin atrophy 122, 123, 152, 153 

- -, steroid rosacea 226, 227 

- -, summary of side effects 129, 130, 187, 188 

- -, tachyphylaxis 129, 188 

- steroid phobia 188 

- treatment of AD 70, 71 

- -, comparative AD trials vs tacrolimus 

ointment 141-144, 151-153, 170-173 

- -, systemic treatment 72 

- treatment of other diseases 213 et seqq. 
cost of AD 260-262 

- cost benefit ratio of tacrolimus ointment 
267 

- specific cost factors 260, 261 
cross-sectional studies of AD 3 et seqq. 
cutaneous lymphocyte-associated antigen 

(CLA) 28,30 
cyclophilin 89 
cyclosporin 

- for AD therapy 72,203 

- for psoriasis therapy 216 

- in vitro effects 86, 87 

- in vivo effects 87, 88 

- mode of action 89 
-structure 84,85,100 
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cytokines in AD 26, 29-35, 95, 96 
- effects of tacrolimus 86, 89, 112-116, 
118-120, 189-191 
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day-care centres for AD patients 73 
definition of AD 7-10 
delayed hypersensitivity reaction in animal 
models 92-95 
dendritic cells 32-36 

- effects of tacrolimus 116, 117, 120, 189-191 

- type 2 dendritic cells 63 
Dennie Morgan fold 48, 49, 64 
Dermatitis Family Impact (DFI) 241, 245, 

246, 251 

Dermatology Life Quality Index (DLQI) 158, 
240-248, 250-253 

Dermatology Quality of Life Scales (DQLS) 
240 

Dermatology-Specific Quality of Life 240 
desensitisation in AD patients 74 
diagnostic criteria for AD 47 et seqq. 
dietary factors in AD 14, 15, 68 
disability, definition 237 
disease severity of AD 56 



E 

East/West differences in AD 13 
eczema (see atopic dermatitis) 

Eczema Area and Severity Index (EASI) 

- clinical trials 

- -, adults 140, 141 

- -, children 168, 169, 174 

- definition 57-59, 135> 136 

eczema herpeticum (see herpes simplex) 
efficacy of tacrolimus ointment 

- adults 134 et seqq. 

- children 164 et seqq. 
emollients 69,203 

environmental factors in AD 12-18, 24 
eosinophils 

- effects of tacrolimus ointment 189 
epidemiology of AD 3 et seqq. 
ethnic groups and AD 14 

- treatment with tacrolimus ointment 139, 
169 

European task force on AD, see SCORAD 
evening primrose oil for AD treatment 74, 203 
extrinsic AD 10, 11, 24, 36-38 



F 

family studies of AD 5, 11 

filaggrin 28 

FK 506 (see tacrolimus) 

FK 506-binding protein (FKBP-12) 89, 112, 
113, 190 

flare prevention 145, 203-205 
food intolerance in AD (see dietary factors) 
Freiburg Life Quality Assessment (FLQA) 
258 



G 

General Health Questionnaire (GHQ) 239 
genetic factors of AD 11-13, 24-27, 66, 67 
- candidate genes 24-27 
geographical variations of AD (see incidence 
and prevalence) 

glucocorticoid response element (GRE) 189 
glucocorticosteroids (see corticosteroids) 
grading of AD 47 et seqq. 
graft-versus-host disease 227-229 
granulocyte-macrophage colony-stimulating 
factor (GM-CSF), (see cytokines) 



H 

handicap, definition 237 
Hanifin and Rajka diagnostic criteria 64, 65 
heredity of AD (see genetic factors and 
family studies) 
herpes simplex in AD 73 

- tacrolimus ointment trials 177, 198 
Herthoghe sign 64 

histamine 

- effects of tacrolimus 115, 116, 120 
hospitalisation of AD patients 73 
house-dust mite allergens 38 



I 

IgE 

- candidate genes 26 

- receptors FceRI and FceRII 26, 32-36 

- -, effects of tacrolimus 116, 117, 189, 190 

- role of IgE in AD 36-38, 63 
immunological mechanisms in AD 16, 17, 27 

et seqq. 

- cellular mechanisms 32 et seqq. 
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immunological mechanisms in AD (continued) 

- immune response 

- acquired/adaptive 27 

- innate/non-adaptive 27 

- immunomodulation 

- effects of tacrolimus 111 et seqq. 

- neuroimmunological factors 30, 31 

- type IV reactions 32 
immunomodulatory drugs for the treatment 

of AD 72 
immunophilin 89 
impairment, definition 237 
incidence of AD 3 et seqq. 

- definition 7 

- geographical variations 4-7, 13, 14 
Infants’ Behavioural Checklist (BCL) 247 
Infants’ Dermatitis Quality of Life Index 

(IDQOL) 241, 247, 248, 251, 253 
infections in AD (see also Staphylococcus 
aureus and herpes simplex) 

- effects of tacrolimus ointment therapy 
149> 150, 176, 177 

- effects on AD incidence 16-18 

- the role of infectious agents 29, 30 
-treatment 73 

inflammatory dendritic epidermal cells 
(IDEC) 34-36 

- effects of tacrolimus 116, 117, 120, 189 
intercellular adhesion molecules (ICAM) 

- effects of tacrolimus ointment 122 
interferon-y (IFN-y) 35 (see also cytokines) 

- therapy 74 

interleukins (IL), (see also cytokines) 

- IL-2 89, 112, 113, 190 

International Study of Asthma and Allergy 
in Children 6 

intrinsic AD 10, 11, 24, 36-38 
itch (see pruritus) 



K 

Kaposi’s varicelliform eruption (see herpes 
simplex) 

keratinocytes 28,29 



L 

Langerhans cells 32, 33 
- effects of tacrolimus 116, 117, 120, 189, 190 
lichen planus 219,220 
lichen sclerosus 221, 222 



lifestyle and AD (see environmental factors) 

limited AD 141 

Lindstrom-Kohler Index 240 

local lymph node assay (LLNA) 118, 119, 121, 122 

lymphocytes (see B and T cells) 



M 

macrophilin 89 

major histocompatibility complex (MHC) 

29> 32-34 

- effects of tacrolimus 189, 190 
Markov model 268 

mast cells 

- effects of tacrolimus 114-116, 119, 120 
migration studies of AD 13, 14 

mild AD 

- treatment 206, 207 
millennium criteria for AD 64, 65 
mixed AD 10,11,37 

mixed lymphocyte reaction (MLR) 81-83, 86 
modified Eczema Area and Severity Index 
(mEASI) 

- clinical trials 

- -, adults 137, 138, 142-146 

- -, children 168, 169, 173, 175 

- definition 58, 135, 136 

- mEASI area under curve (AUC) 

- -, clinical trials 

, adults 137,142 

, children 168,170,171 

- -, definition 136 



N 

Netherton’s syndrome 97, 111, 201 
non-allergic AD (see intrinsic AD) 
Nottingham Health Profile (NHP) 239 
nuclear factor of activated T-cells 
- effects of tacrolimus 89, 112, 113, 190 



0 

omega- 6 fatty acids 31, 32 



P 

patch test 38 

pathogenesis of AD 23 et seqq., 95, 96 
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Patient Generated Index (PGI) 239, 251 
patient information in AD 68 
peripheral blood mononuclear cells 
(PBMC) 

- effects of tacrolimus ointment 113, 117 
pharmacoeconomics of AD 255 et seqq. 

- corticosteroids 264-266, 268 
-general aims 255 

- general definition 255 

- international comparisons 260-262 

- tacrolimus ointment 263-269 
pharmacokinetics of tacrolimus 99 et seqq. 

- dermal 103-109 

- -, in vitro 103-105 

- -, in vivo 105-109 

, healthy adults 105,106 

, patients with AD 106-109 

- systemic 101-103 

- -, area under curve 102, 103 

- -, bioavailability 101, 102 

- -, exposure 96, 97, 106-110 
phosphodiesterase 31, 48, 49 
phototherapy 

- for the treatment of AD 72, 73 

- for the treatment of other indications 215, 
217, 220, 229 

physician’s global evaluation 

- clinical trials 

- -, adults 137, 138, 141, 142, 144 

- -, children 166, 167, 171 

- definition 136 
pimecrolimus 75,87,89 
plaque-forming cell assay (PFC) 87, 88 
pollution and AD (see environmental 

factors) 

positive predictive value (PPV) of AD diag- 
nosis 9 

preclinical studies of tacrolimus 86 et seqq. 
prevalence of AD 3 et seqq. 

- definition 6 

- geographical variations 4-7, 13, 14, 51 
prevention of AD 68 

prick test 38 
Prograf® 90 

prophylaxis of AD (see prevention) 
prostaglandin E (PGE) 31, 32 
protein Fv 116 

Protopic® (see tacrolimus ointment) 
pruritus in AD 249 

- effects of tacrolimus 

- -, adults 140 

- -, children 172, 174 



psoriasis 214-217 

- effects of tacrolimus ointment 216, 217 

- Psoriasis Activity and Severity Index 
(PASI) 216 

- Psoriasis Disability Index (PDI) 240 
public health programmes for AD 18, 19 
pure AD 10,11,37,38 

PUVA (see phototherapy) 
pyoderma gangrenosum 223, 224 



Q 

Quality Adjusted Life Year (QALY) 239 
Quality of Life (QoL) 

- definition 237, 257-259 

- effects of tacrolimus ointment 252, 253 

- -, adults 157, 158 

- -, children 180, 181 

- in AD 65, 66, 237 et seqq., 262, 263 

- overview of instruments 259 



R 

radioallergosorbent test (RAST) 50, 64 
Rajka and Langeland severity criteria 56 
RANTESgene 27 
rheumatoid arthritis 224, 225 
rheumatoid ulcers 224, 225 



5 

safety of tacrolimus ointment 195-199 

- adults 147 et seqq. 

- children 175 et seqq. 

Schultz Larsen questionnaire 52 
screening tools for AD 50-52 
sensitivity of AD diagnosis 6, 8-10, 51, 53 

- definition 9 

Severity Scoring of AD (SCORAD) 56, 57, 250 
Short Health Form Survey 36 (SF-36) 238, 
2 39 > 243 

Sickness Impact Profile (SIP) 238 
sirolimus 87 

Six Area, Six Sign Atopic Dermatitis Severity 
Index (SASSAD) 58 
skin 

- atrophy 

- -, effects of corticosteroids 122, 123, 152, 153 

- -, effects of tacrolimus ointment 122, 123, 

152, 153 
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- barrier function 28, 197 

- cancers 156, 157 

- dryness 28 

- administration of tacrolimus ointment 
201 

- immune system 27-30 
-prick test 38 
Skindex 240 

sleep disturbance in AD 249 

social factors and AD (see Quality of Life) 

specificity of AD diagnosis 6, 8-10, 51, 53 

- definition 9 

Spielberger State-Trait Anxiety Index 251 
Staphylococcus aureus 28, 29, 73, 

- effects of tacrolimus 115, 117, 118, 120, 155, 
176 

- S. enterotoxin 29, 30, 117 

- superantigens 29, 117, 118, 120 
steroid phobia 188 

steroid rosacea 226,227 
steroids (see corticosteroids) 

Streptomyces tsukubaensis 82-84 
superantigens (see Staphylococcus aureus ) 
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tachyphylaxis 129,147 

tacrolimus 

- animal models 87-89, 92-95, 118-122 

- antimicrobial activity 87 

- development 81 et seqq. 

- discovery 81-85 

- immunomodulation 111 et seqq. 

- in vitro effects 86, 87 

- in vivo effects 87, 88, 118 et seqq. 

- mode of action 89, 90, 112 et seqq., 189, 
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- structure 84, 85, 100, 101 
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- -, dermatological diseases 91 
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- -, transplantation medicine 90 
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- flare prevention 145, 203-205 
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- effects of tacrolimus 89, 112, 113, 119, 189, 190 

- receptor (TCR) 89, 112, 113, 190 
Thi-type immunity 17, 32-36, 63, 66, 95 -97, 189 
Th2-type immunity 17, 32-36, 63, 66, 95 -97, 189 
therapy of AD (see treatment) 

Toddler Survey 180,252 

tolerability of tacrolimus ointment 195-199 

- adults 147 et seqq. 

- children 175 et seqq. 
transplantation medicine 90 
treatment of AD 63 et seqq. 

- overview 67 

- role of tacrolimus ointment 185 et seqq. 

- systemic treatment 71, 72, 203 

- treatment models 186, 202 

- treatment with corticosteroids 70, 71 



tumour necrosis factor (TNF), (see cyto- 
kines) 

twin studies in AD 5, 11 
type IV reactions 32 



U-Z 

UK Sickness Impact Profile (UKSIP) 238, 
239, 243, 250 

UK Working Party’s Diagnostic Criteria 
(Williams et al.) 8, 53, 54 
ultraviolet therapy (see phototherapy) 
vaccinations in AD 179 
validation of AD diagnosis 7-10 
viral infections in AD (see infections and 
herpes simplex) 
xerosis (see skin dryness) 



279 




